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Introductory  Note 


THE  successful  tnluojition  of  the  man  in  the  shop  is  a  ques- 
tion of  vital  inijwrtanee.  The  difficulties  under  which  he 
toils  in  his  strutrMt?  for  advancement,  and  his  daily  lal>or, 
render  imj)ossible  the  usual  means  of  eilucation,  and  prevent  the 
attendinir  of  a  resident  technical  school.  Prolmhly  the  most  sue- 
cessful  substitute  for  such  a  school  is  the  corrt*spondenc*e  method 
of  instruction. 

CL Thousands  of  mechanics  are  improvini^  their  condition  by  de- 
votintr  a  half  hour  each  day  to  systematic  study  under  the  dirt^^tion 
of  men  who  have  had  lontjj  experience  in  teachini;!;,  and  in  practical 
shop  work.  There  are,  however,  many  who  cannot  afford  the  time 
and  expense  necessary  for  a  correspondence  school  courst*.  For 
such  the  ('yclo|XHlia  of  Modern  81iop  Practice  is  preparini. 

CThe  instruction  pa])ers  formincr  the  ryclo|HHlia  have  Ihhmi  pre- 
pared e8|)ecially  for  home  study  by  acknowledt^ed  authorities,  and 
represent  tlie  most  careful  study  of  actual  shop  needs  and  condi- 
tions.  Althoutxh  primarily  intended  for  correspondence  study, 
many  are  in  us.^  as  text  books  by  Harvard  Tniversity,  (  i)lumi)ia 
University,  I>ehitrh  Tniversity,  Iowa  State  Collefre,  the  TniverHity 
of  Maine,  the  V.  S.  (Tovernment  in  its  School  of  Sul>marine 
Defense,  the  Westinojliouse  Companies  in  tlnMr  Shop  School,  and 
for  reference  in  the  leadin<^  colle<rt*8,  shops  and  j)ublic  libraries. 


^Years  of  experitiDce  in  the  shop,  Iftbonitory,  and  (.'lass-room 
have  been  required  in  the  preparation  of  the  various  sectioas  of 
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GAS  AND  OIL  ENGINES. 


The  heat  engine  is  at  prestMit  the  most  important  of  all  the 
available  generators  of  power.  Its  j^urpose  is  to  convert  the  heat 
of  combustion  of  some  fuel  into  work.  Kxistini;  heat  engines 
may  be  divided  into  two  classes,  accord in<r  to  where  the  combus- 
tion of  the  fuel  takes  place.  In  one  class  the  combustion  takes 
place  entirely  outside  the  workinij^  cylinder,  and  the  heat  of  com- 
bustion is  transmitted  bv  conduction  throuirh  the  walls  of  a  con- 
taining  vessel  to  the  substance  which  does  the  work.  Such  en- 
gines niay  l)e  called  <./•/</•/////  conJnfsfloft  nmfors.  The  most 
common  example  of  this  class  is  the  stt»am  engint*;  another  exam- 
[)le,  which  is  but  little  used,  is  the  hot-air  engine.  If  the  com- 
bustion takes  place  inside  the  engine  itself,  or  in  acommunicat- 
ing  vessel^  so  that  the  |)roducts  of  conii>ustion  act  dinH'tiy  on  the 
engine,  we  have  an  engine  of  the  st^cond  chiss  -the  so-calliMl 
hitrrnal  vtnnlniHfhm  innf(n's,  (ias  and  oil  *»ntTiiu»s  are  the  com- 
mon  examples  of  this  type  of  motor. 

THE   EXTERNAL  COMBUSTION   MOTOR. 

Engines  of  the  second  class  liavt^  c(»rtaiii  inher*Mit  advantagt^s 
over  external  combustion  motors.  In  the  steam  engine,  practically 
the  most  perfect  of  the  external  combustion  motors,  the  heat  of 
combustion  which  is  generatiMl  in  th*^  fnrnace  |>assert  through  tin* 
plates  of  the  boiler  to  the  water  on  the  other  sidt^  l)uring  this 
process  alH)ut  twenty-tive  percent  of  the  heat  is  wastecl  by  ra<li- 
ation  and  by  loss  up  the  chimney  in  good  m<Mh*rn  ]>lantH.  The 
water  in  the  boiler  is  heate<l  to  a  te!n|M»rature  which  (hws  no! 
exceed  40(P  F.  because  at  that  tiMiiperature  it  has  a  pressure  of 
nearly  250  lb.  |)er  srjuare  iiich.  If  the  water  were  heatecl  to  a 
much  higher  tem|)erature,  the  ])ressnn*  would  be  too  great  (for 
example,  at  500''  Y.  the  j>ressure  would  be  700  ll>. ),  reipiiring 
Inulers  and  engines  stronger  than  are  at  present  praf*tieai)le.  The 
products  of  combustion  in  the  furnace  have  a  temjierature  which 
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is  seldom  less  than  2,000°  F.     There  is  consequently  a  very  lar^ 
necessary  drop  of  temperature  as  the  heat  passes  through  the 
boiler  plates.     The  proportion  of  the  total  heat  going  to  an  engine 
that  can  be  converted  by  the  engine  into  work  depends  chiefly 
uj)on  the  temperature  range  of  the  working  substance,  and  in  the 
steam  engine  this  range  is  made  comj^aratively  small — not  exceed- 
ing 300°  F. — because  of  the  corresponding  pressure  limits.     Con- 
sequently a  steam  plant  not  only  loses  much  of  its  heat  up  the 
chimney,  but  also  is  able  to  convert  but  a  small  part  of  the  heat 
that  goes  to  the  engine  into  work.     In  the  l)est  modern  steam 
engines  about  twenty  per  cent,  of  the  heat  going  to  the  engine  is 
converted  into  work,  and  about  sixteen  per  cent,  of  the  heat  of 
combustion  of  the  fuel  is  converted  into  work  in  the  best  modern 
steam  plants.     The  ordinary  steam  engine  does  not  convert  into 
work  more  than  from  six  to  ten  per  cent,  of  the  heat  of  combus- 
tion of  the  fuel.     An  economical  steam  plant  consists  not  only  of 
boilers  and  engines,  l)ut  also  has  a  large  number  of  auxiliaries, 
such  as   feed  pumps,  air  pumps,  condensers,  feed  water  heaters, 
economizer,  coal  conveyers  and  steam  traps.     It  requires  consider- 
able time  and   fuel  to  raise  steam  in  the  boilers  before  the  plant 
can  be  jnit  in  o|x*rati()n  after  shutting  down;  or,  if  the  fires  are 
kej)t  ])anked,80  as  to  k(»ep  up  steam  pressure  wliile  the  engines  are 
not  runnii]g,  a  not  inconsiderable  amount  of  fuel  will  be* used  for 
this  purpose,  witliout  any  corresponding  work  being  done. 

THE   INTERNAL  COMBUSTION  MOTOR. 

In  the  internal  combustion  motor  where  tlie  fuel  is  a  gas  or 
volatile  oil,  there  is  no  aj>paratus  corresponding;  to  a  boiler  and  no 
losses  corresjKHiding  to  the  boiler  losses.  If  the  fuel  is  coal,  it 
has  to  be  converted  into  gas  before  it  can  be  used  in  an  internal 
combustion  motor,  and  thus  necessitates  the  use  of  a  gas  producer 
in  which  some  heat  will  l)e  lost,  though  not  so  much  as  is  usual  in 
a  boiler.  The  fuel  being  burned  in  the  engine  gives  there  a  tem- 
perature of  from  2,000°  F.  to  3,000^  F.,  so  that  the  tem]>erature 
range  in  the  engine  is  very  large,  and  consequently  the  engine  can 
}>e  more  efficient — that  is,  can  convert  a  larger  proj)ortion  of  the 
heat  of  combustion  into  work  than  in  a  steam  plant.  The  high 
temperatures  are  not  necessarily  accompanied  by  high  pressures 
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because  it  is  air  and  not  water  whieli  is  heated  to  that  temperature. 
In  practice  the  best  internal  combustion  motors  have  converted 
thirty-five  per  cent,  of  the  heat  of  combustion  into  work,  or  twice 
as  much  as  the  best  steam  engines,  and  the  ordinary  small  gas  en- 
gine will  conveH  from  fifteen  to  twenty  per  cent,  of  the  heat  of 
combustion  into  work.  The  internal  combustion  plant  is  also 
much  simpler,  having  but  few  auxiliaries.  The  number  of  men 
necessary  to  run  a  large  gas  engine  ])lant  is  small,  the  plant  is 
ready  to  start  up  at  a  minute's  notice,  and  the  standing  losses  are 
very  small  or  nothing.  When  a  liquid  fuel  is  used,  the  absence 
of  boiler  or  other  auxiliaries  makes  the  internal  combustion  motor 
lighter,  more  compact,  and  more  easily  portable  than  any  other 
motor.  The  absence  of  a  lK)iler  also  does  awav  with  the  risk  of  a 
disastrous  explosion,  and  consequently  there  is  no  inspection  re 
quired  bylaw,  no  license  for  rnnning  the  plant,  and  lower  rates  for 
insurance.  The  internal  combustion  motor  is  comparatively  recent 
in  its  practical  use.  The  last  five  years  have  brought  alK)ut  great 
improvements  in  its  operation,  a  big  increase  in  its  use  and  large 
extension  in  its  application.  The  internal  combustion  motor  is 
less  uniform  in  its  speed  of  rotation,  and  is  more  liable  to  derange- 
ments than  the  steam  engine,  but  tliese  difficulties  are  rapidly  being 
overcome,  so  that  modern  gas  engines  are  used  for  electric  lighting 
and  have  a  reliability  but  little  short  of  that  of  the  steam  engine. 

The  fuels  that  are  used  in  external  combustion  motors  may 
be  solid,  liquid  or  gaseous.  In  internal  combustion  motors,  though, 
theoretically,  the  fuel  may  l>e  in  any  of  these  three  forms,  the  solid 
fuels  are  not  practicable  because  the  incombustible  matter  or  ash 
present  in  them  would  rapidly  destroy  the  rubbing  surfaces  in  the 
cylinders.  The  actual  fuels  used  are  either  gaseous  or  liquid,  and 
the  latter  may  be  sent  into  the  cylinder  either  as  a  vapor  or  as  a 
liquid.  There  is  no  essential  difference  l)etween  engines  using  gas 
and  those  using  oil ;  the  cycle  of  operations  occurring  in  the 
cylinder  is  the  same  with  both  kinds  of  fuel ;  the  only  differences 
are  slight  structural  differences,  with  the  addition  of  sjiecial  ap^ia- 
ratus  for  vaporizing  the  oil.  The  same  engine  can  lie,  and  often 
is,  converted  from  a  gas  to  an  oil  engine  by  merely  changing  valves. 

In  this  paper  whatever  there  is  of  thermcxlynamic  theory 
applies  to  both  gas  and  oil  engines.  The  sjiecial  features  of  oil 
eDgiDes  are  treated  after  the  dis^nission  of  the  gas  engine. 
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HISTORY   OF  THE   INTERNAL  COMBUSTION   MOTOR. 

The  liistory  of  the  intenial  combustion  motor  begins  with 
the  invention  of  cannon.  A  gun  is  a  motor  in  which  the  working 
substance  is  the  crj^ij  resulting  from  the  combnstion  of  the  powder 
and  in  wliich  work  is  done  on  the  projectile,  giving  it  kinetic 
enercr\-.  Such  a  motor  is  not  continuous  in  its  action,  but  it  offers 
possibilities  of  a  jiracticable  engine  if  the  powder  charge  is  smaU 
and  the  ]>rojectile  or  piston  on  which  the  gases  act  is  restricted  in 
its  iiiovenient.  The  earliest  internal  combustion  .motors  devised 
f(ir  doinif  useful  work  were  intended  to  use  gunpowder.  The  first 
of  iher^e  was  sutrtrested  bv  Abbe  Ilautefeuille  in  1678,  and  was 
fullowed  sliorily  by  others,  none  of  which  were  practically  realiza- 
ble in  the  then  stale  of  the  mechanic  arts. 

It  was  nut  till  the  discovery  by  Murdock,  near  the  end  of  the 
eiirhteentli  century,  that  a  c()nil)ustible  gas  could  be  obtained  from 
coal  by  a  ]>r()cess  <»f  distillation,  that  a  j)ractical  internal  combns- 
tion motor  was  |M)s>ible.  As  soon  as  the  properties  and  method 
of  manufacture  of  coal  vT'^s  became  known,  numerous  attempts 
wtMe  made  to  use  it  in  eiitrines.  Fntil  the  year  ISOO  many  en- 
o;ines  were  devised,  patented,  and  in  several  cases  constructed, 
operated  and  sold.  Xone  of  these  engines  can  be  said  to  have 
biMMi  satisfactory.  Tlu-v  were  irn^tjular  in  action,  noisy,  wasteful 
of   fuel.  an<l  o-tMHTallv  had  ])raetieal  defects. 

The  Lenoir  Engine,  which  aj>peare<l  in  l^OO,  was  the  first 
jeallv  practical  eras  en<xine.  Hundreds  of  tlu^se  encrines  were  made 
and  sold.aiMl  lhegn\-itest  interest  in  this  ty{)e  was  aroused  in  France, 
when*  it  was  built,  ami  in  Kngland,  where  it  was  largely  used. 

In  general  appt^arance  the  engine  resembles  a  double-acting 
horizontal  steam  engine.  The  cylindt^r,  shown  in  horizontal  sec- 
tMMi  in  I'ig.  1,  has  a  separate  admission  ])ort  ff  and  exhaust  port  fj 
at  each  end.  Tlui  valves  are  simj)le  slide  vahes  driven  by  eccen- 
trics, and  so  designetl  that  the  inside  edges  alone  uncover  the 
ports  The  valve  (j  is  used  for  the  admission  of  the  explosive 
mixture,  which  consists  of  air  enterincr  the  valve  cavity  from  d 
and  gas  coming  through  ont^  of  the  branches  /•  of  the  gas  pij^e  and 
passing  through  the  hole  /  in  the  valve.  The  air  and  gas  enter 
the  |)ort  a   through  a  numl>er  of  small  holes  in  which  they  are 
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thoroaghly  mixed,  and  the  mixture  is  exploded  in  the  cylinder, 
when  desired,  by  an  elec*trie  igniter  ;/.  The  exhaust  is  through 
the  port  h  and  the  cavity  in  the  exhaust  valve  II  to  the  atmos- 
phere. As  the  cylinder  rapidly  becomes  very  hot,  it  is  provided 
with  a  water  jacket. 

The  series  or  cycle  of  operations  which  takes  place  in  this 
engine  is  as  follows:  During  the  first  part  of  the  stroke  the  ad- 
mission valve  G  uncovers  the  port  a  so  that  a  mixture  of  air  and 
gas  enters  the  cylinder,  filling  the  space  behind  the  piston.     At 
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Fig.  I.    Longitudinal  Section  of  Cylinder  of  Lenoir  Engine. 

half  stroke  the  valve  closes  the  port  and  a  spark  from  an  induction 
coil  passes  between  the  terminals  n  of  the  electric  igniter,  explod- 
ing the  mixture  and  raising  its  pressure  to  (K)  or  70  11).  per  square 
inch.  Tlie  piston  is  then  forced  to  the  end  of  its  strr)ke,  tlu^ 
products  of  combustion  expanding  behind  it.  At  the  end  of  the 
stroke  the  valve  H  uncovers  the  exhaust  port  and  kee])S  it  optMi 
throughout  the  whole  of  the  return  stroke  so  that  all  the  products 
of  combustion  are  exjH»lled  to  the  atmosphen'.  A  similar  cycle  of 
(»|>erations  (H'curs  on  the  other  si<le  of  tlu^  piston.  In  Fi<^.  1  the 
valve  G  is  just  opening  the  port  at  the  left  so  that  admission  may 
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take  place  there,  and  the  valve  H  is  just  opening  the  |)ort  at  the 
liirht  so  that  exhaust  may  occur  from  the  other  end  of  the  cylin- 
tU'T,  A  reproduction  of  an  indicator  card  from  this  engine  is 
shown  in  Fig.  2. 

This  engine  gave  considerable  trouble  in  many  cases,  but  the 
principal  reason  for  the  falling  off  in  its  use  was  the  large  amount 
of  gas  it  re(|uired.  It  used  from  60  to  70  cubic  feet  of  coal-gas 
j)er  I.  II.  P.  [)er  hour,  or  from  three  to  four  times  as  much  as  a 
modern  gas  engine,  so  that  it  did  not  compare  very  favorably  with 
the  steam  engine  in  its  running  costs. 

The  Otto  Cycle.  In  the  year  1862  it  was  pointed  out  by  a 
French  engineer.  Beau  de  Ilochas,  that  in  order  to  get  high  econ- 
omy  in  a  gas  engine  certain  conditions  of  operation  were  necessary. 

The  most  important  of  these 
conditions  is  that  the  explosive 
mixture  should  be  compressed 
to  a  high  pressure  before  ig- 
nition. In  order  to  accom- 
plish this  he  proj)osed  that  the 
cycle  of  operations  should  oc- 
cupy four  strokes  or  two  com- 
plete revolutions  of  the  engine, 
and  tliat  tlie  o[)crati()iis  shouKl  he  as  follows: 

1.  Stf/'ff'o/t  or  (nl inisHtiHi  of  the  charge  of  gas  and  air 
throughout  the  complete  forward  stroke. 

2.  Cninprrss}n)i   of  the  exploslve  mixture  during  the  whole 

of  the   return   stroke  so  that  it  finally  occupies  only  the  clearance 

<  I  » 

space. 

3.  ItnntliHi  of  the  charire  at  the  end  of  the  second  stroke 
and  t.i jtfUisifm  of  the  exphxled  mixture  throughout  the  whole  of 
the  next  forward  stroke. 

4.  K.i'hdiist  he({innin«{  at  the  end  of  the  forward  stroke  and 
continuinir  throuijhout  the  whole  of  the  last  return  stroke. 

This  cycle  was  not  actually  used  till  1S76,  w^hen  Dr.  Otto 
adopted  it  in  his  engine  and  thereby  produced  the  modern  gas  eu- 
irine.  The  four-stroke  cycle  of  Beau  de  RcK'has  is  now  universally 
known  as  the  Of  to  ci/rh'.  In  the  past  twenty  years  several  other 
cycles,  some  of  great  merit,  have  been  devised  and   used,  but  at 
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the  present  day  an  overwhelming  inajoritT  of  the  existing  internal 
combustion  motors  use  the  Otto  cycle.  The  engines  using  this 
cycle  are  accordingly  treated  of  first  and  at  greatest  length. 

THE  MODERN  QA5  ENGINE. 

The  construction  of  a  modem  gas  engine  using  the  Otto  cycle 
is  illustrated  in  the  sectional  elevation.  Fig.  3,  of  a  vertical  engine. 
As  in  practically  all  Otto  cycle  engines,  the  engine  is  single-acting 
and  has  a  long  trunk  piston  which  acts  as  a  crosshead  and  also 
[yermits  the  use  of  several  piston  rings  by  which  leakage  past  the 
[>iston  is  prevented  even  with  the  high  pressure  obtained  by  the 
explosion.  The  engine  is  made  single-acting  because  the  cylinder 
would  get  too  hot  for  continuous  running  if  it  were  double-acting; 
and  moreover,  a  piston  rod  and  stutliug  Ik)x  give  great  trouble  if 
ex|K>sed  to  the  high  temperature  of  the  burning  gases.  Since  the 
cycle  occupies  two  revolutions,  the  valves  and  igniter  have  to  oper- 
ate once  in  two  revolutions,  and  therefore  the  cams  which  drive 
these  parts  are  mounted  on  shafts  running  only  half  as  fast  as  the 
main  shaft. 

Referring  to  Fig.  3,  A  is  the  shaft  which  carries  the  exhaust 
valve  cam,  and  is  driven  by  gears  from  the  main  shaft.  The 
exhaust  cam  works  against  a  roller  carried  on  the  free  end  of  the 
guide  lever  G.  The  exhaust  valve  E  has  a  long  stem  projecting 
downward  and  resting  on  a  hardeneii  steel  plate  on  the  upper  side 
of  the  guide  lever  G.  The  spring  surrounding  the  stem  serves  to 
bring  the  exhaust  valve  back  to  its  seat  and  to  keep  the  stem  in 
contact  with  the  guide  lever.  From  the  exhaust  cam  shaft  A  a 
horizontal  shaft  with  bevel  gears  leads  to  the  opposite  side  of 
the  engine,  engaging  with  a  vertical  shaft  which  in  turn  drives  the 
upper  cam  shaft  B.  Incidentally,  the  vertical  shaft  carries  the 
governor.  The  upper  cam  shaft  carries  two  cams.  One  engages 
against  a  roller  on  the  end  of  the  horizontal  lever  C.  As  the  throw 
side  of  this  cam  comes  uppermost,  the  opposite  end  of  the  lever  C 
depresses  the  stem  of  the  inlet  valve  J,  opening  the  latter  for  the 
admission  of  the  mixture  of  gas  and  air.  A  spring  on  the  stem  of 
the  inlet  valve  furnishes  a  means  for  closing  it  and  keeping  the 
cam  and  roller  always  in  contact  with  each  other.  Immediately 
adjacent  to  the  inlet  valve  cam  is  the  igniter  cam,  which  at  the 
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propt-r  instant  operates  a  horizontal  plnnger  working  througb  tbe 
guide  D  to  break  the  electric  current  through  the  wire  S  at 
the  tertninals  of  the  igniter  F. 

Tlie  cylinder  heads  and   the  npper  end  of  the  cyliDder  are 
thoroughly  water- jacketed,  as,  owing  to  the  extreme  heat  to  wbich 


Fig.  3.    Wesilnghouse  Gas  Enirlm-. 
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N  leading  to  the  cylinder  Lead 
The    exltaiit^t    gaaes  es 
capa  tbroiigli  O. 

Tlie  o|RTatioii  of 
this  eii^iiio  is  illiis- 
tmted    in     tbe    accoin- 


1  which  the  inlet  valve  in  located 


panying 
The   adiii 


trationa. 
of  the 
charge  of  air  and  gas 
takes  place  during  the 
first  downward  stroke 
of  the  engine  {Fig,  4i. 
The  cxhanst  val^e  E 
is  closed  and  the  ad- 
iiiissiun  valve  J  is  open, 
and  closes  only  when  the 
piston  is  at  the  end  of 
the  stroke  and  the  cylin- 
der is  full  of  the  explo- 
sive   mixtnre.    During  tli 


Fig.  5.    ComproBsiuu. 
B  terminals  (Fig.  G),  igi 


ke  (  Fig,  5)  l)oth  valves  are 
closed  and  the  charge  is 
compressed  till  at  the  end 
of  the  stroke  it  occupies 
only  the  clearance  sjwce. 
Shortly  before  the  end  of 
the  stroke  the  igniter  cam 
has  brought  the  igniter 
terminals  inio  contact, 
completing  an  electric  cir- 
ciiit.  When  tlie  crank  is 
nearly  on  its  dead  center 
the  igniter  terminals  are 
separated  by  the  action  of 
a  coiled  spring  in  the 
guide  D,  and  as  they  fly 
a|iart  thecircnit  is  broken 
and  a  spark  passes  bc- 
;uiting  the  charge.     An  immediate 
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riet!  of  iiresstiri)  occnrs  Hiid  tUu  piston  in  forciHl  cjuwnwanl,  b 
valves  rviiiitiiiin^  did 
until  just  In-fore  lliu  wA 
ijf  lilt-  down  slrokf.  when 
tliei^xliiilist  vtilveEoptne. 
During  the  whole  of 
ihelust  relurn  stroke*  Fi(i. 
7)  the  bxbauBt  vhIvi*  E 
r'Timiiis  ()[>eii  Kiid  lhi>  [inv 
iliu-ts  oF  couitiustioii  an; 
foivw:!  through  O  to  iLe 
HtiiioBphore.  Tlio  fxlmnst 
valvo  (;kiso«  as  the  pisloti 
i^oiii[i1pt«8  the  Btnike,  aii<l 
fvcrythirtg  is  in  n^Jint^s 
to  tvcommtnce  the  cycle. 
Another  form  of  vt'rti- 
lal  eagine  iieiiig  llieOlto 
[■Ik-  "    [tiii'i""  cyi'lt-  ia  eho 

?ection  in  Fig.  8.     In  liiis  L-ngiMu  there  are  three  frItoa — th«  i 

valve  i  for  the  gas,  the 

inlet  valve  n  for  the  ex- 

{ilosive  mixture,  ami  the 

exhaust  valve.  Alttliree 

valves  are  o[x'mtwl  from 
Bliaft  <•  wliiuh  ia 
en   froiN   the  main 

tihuft  hy  s|.iir   g<-aring. 
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Bteui  of  tb«i  pis  8c|[iiifiBioTi  valve  h  M-Lenever  an  explosive  diar^  is 
rcqiiirtvl,  guthat  l>oth  tliu  vatvi>s  "  atiil  h  aru  ojvL'n  at  thusaiim  tirue. 
The  space  ij  Ikjliind  tlie  vatve  n  and  around  tbe  valve  h  is  iti  free 
(■oiiniiiini(.-alio[i  witli  llie  alniosphere.  With  "  o[Rn  juid  the  jiiaton 
deoending.  air  is  drawn  in  and  tlioroiighly   mlxi'd  willi  the  gas 


while  {utBBJDg  rliriHif^li  II.  If  tliu  governor  tlirows  the  short  link 
to  uiio  sidp,  the  anil  c  does  uut  eoiiie  in  conta(;t  with  it,  the  gas  valve 
does  tint  «|K-n  and  air  aluiie  is  taken  into  the  cylindc;!-  during  the 
admission  stroke.  Tlie  exlmnst  valve  is  behind  tbeadtuissloii  valve 
I  but  is  not  shown  in  the  diagram. 
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All  exaiKjile  of  the  liorizontal  form  of  g»8  engine  is  pivt-n  in 
Fig.  !',  wliicli  is  a  vertit-Hl  cross  seclioD  thn»iigh  the  cylimier  and 
valvea.  The  valve  ir  for  the  adtnisgion  of  the  exjiloBive  mlxtiire 
Hi-tt>  uiitoiiiatically,  0}>eniiig  when  the  pressure  in  the  cylinder  falla 
Im'Iow'  thti  atinoajiluTic  pressnre.  Tlie  exhaust  valve  h  is  opened 
iit  the  j)r(i[)er  time  by  the  action  of  the  cam  <•,  which,  acting  on  a 
roller  1/  at  the  extremity  of  one  arm  of  the  bell  crauk  lever  ful- 
cnimcil  at '',  jmllB  the  rod  /'  to  tlio  Mt  and  through  the  Ih-11  crank 
K'vcr  fnlcriimcd  at  ;/  lifts  tlie  exhaust  valve  as  shown.  Tlie  cam  t 
is  mounted  on  a  shaft  which  is  driven  through  the  spur  wheel  it 


EliKliiP. 


In-  the  R)iur  whti-l  ;.  (.h.lti'd  I  <Mi  III,-  crank  shaft.  The  whwl  >l-  has 
twice  iiH  iinuiy  tcflii  ;is  the  wln-fl  /,  and  C(>n!!e<juent!y  the  cam 
shaft  revoK-cs'oiily  liulf  as  fast  as  the  main  shaft. 

Another  hor"i7<)nt:t]  engine  is  illusU-ut.-d  In  Figs.  10,  11  and 
1:;.  In  this  cas,!  the  admission  valv,.  ]{  aiid  the  exhaust  valve  J> 
arc  hoth  Inirix.onlal,  a  fmsition  which  ciui  he  u.''e<i  satisfactorilv 
only  for  crii.'in>'M  of  small  size.  The  air  goes  to  the  admission 
valve  throu^'h  llic  |.i|H^  \.  and  is  shown  as  (akcn  from  the  )>ase  of 
tli.'cngim^  ThegjiH  mivswilh  ital  11 1  Fig.  l(l,.eii(cring  through 
a  iiokkI(;.     Tho  amount  of  gas  entering  is  controlled  by  the  throttle 
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valve  A  (tig.  11),  and  the  time  at  whicli  it  enters  is  determined 
by  the  valve  G,  which  is  opened  at  the  desired  time  through  the 
action  of  the  cam  P(Fig.  11).  The  cam  P  coming  in  contact  with 
the  roller  Q  at  the  end  of  the  lever  fulcnimed  at  R,  gives  a  move 
ment  to  the  rod  S  which  is  transmitted  to  the  valve  through  tht 
levers  best  seen  in  Fig.  12.  The  admission  valve  B  is  automatic 
in  its  action.  The  exhaust  valve  D  is  opened  by  the  action  of  the 
cam  T  (Fig.  10)  acting  on  the  roller  V  at  the  end  of  the  vatve  rod 
W.  Tlie  valve  rod  is  supported  near  its  free  end  by  the  lever  i'. 
IJoth  the  cams  P  and  T  are  on  a  shaft  driven  from  the  crank  shaf^ 
by  spur  wheels.     The  governor  (Fig.  12)  is  of  the  fly-wheel  type 


Fig.  10,    Charter  EnBliic,    S.vil'in;il  KL^viiilnn. 

and  consists  of  the  balla  wliicli  arc  held  by  spiral  aprings  and 
wliich  o[>erate  a  sleeve  on  the  main  shaft.  When  the  engine  is 
al>ove  speed,  the  niovt'uient  of  the  sleeve  throws  the  roller  Q  out 
of  line  with  t)ie  cam  I',  and  con3e(|uently  there  is  no  admission  of 
gHH  to  the  cylinder. 

T/'e  in/rt  (ind  e.r/i"nxt  vidcfn  in  gas  engines  are  nearly  al- 
ways juippet  or  iinitliniiJiii,  valves  similar  to  tliose  shown  in  Figs. 
4  to  11.  The  exhaust  valves  are  nearly  always  mechanicallj 
operated;  the  main  inlet  valves  are  often  automatic.  The  auto 
matic  valve  is  similar  to  a  pump  suction  valve  and  is  kept  on  its 
Beat  by  a  weak  apring  («,  Fig.  U)  and  only  opens  when  the  preasurB 
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in  the  cylinder  is  sufficiently  less  than  the  atmospheric  pressure  to 
permit  the  latter  to  overcome  the  resistance  of  the  spring.  ('On- 
sequently  the  suction  or  admission  pressure  in  the  gas  engine  is 
necessarily  low  when  automatic  inlet  valves  are  used.  The  effect 
is  to  dc»crease  the  work  done  by  the  engine  and  also  its  efficiency; 
the  only  advantage  is  the  greater  simplicity.  Most  small  g>8 
engines  have  automatic  inlet  valves. 

A  j)08itively  actuattnl  admission  valve  is  shown  in  Fig.  13. 
The  valve  is  lifted  by  a  cam  a  on  the  side  shaft  h  through  the  lever 
fulcrumed  at  r.  The  valve  closes  by  its  own  weight,  assisted  by  a 
sju-ing,  and  is  guidtHl  in  its  motion  by  a  long  sleeve.  The  valve 
clicst  is  completely  water- jax^'keted. 


•.I   ,ls  tli 


FiR.  11.    cijartiT  Knjrlnc.     Side  View. 

Tlie  ])rcssun*  in  tlu*  cylindtM-  wliei'  the  exhaust  valve  opens  is 
generally  from  ^o  lo  45  lb.  aiiove  the  atTnosj)heric  pressure,  and 
the  exhaust  vahf  has  to  be  lifted  against  this  pressure.  With  a 
mushroom  valve  4  in.  in  dianu^ter,  and  with  40  lb.  j)re8sure  |)er 
scjuare  inch  at  the  end  of  expansion,  there  would  be  a  total  pressuru 
of  about  500  lb.  on  the  valve  at  the  time  when  it  is  to  be  lifted.  It 
is  desirable  to  reduce  the  strain  on  the  valve  and  valve  mechanism, 
and  in  large  engines  this  is  sometimes  done  l)y  balancing  the 
valve.     A  lialanced  exhaust  valve  e  of  the  jiiston  valve  tyj)e  is 
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l-Bhowii  ill  Fig.  14  ill  its  valve  cbest  or  boDsing.  The  coniievtiuii 
Vu'ith  tbti  cyliixler  is  at  d  and  tbe  ra]ve  se^'t  is  the  conical  seat  n, 
I A  hol«/"  tliroiigh  the  valve  ensures  the  existence  of  attuospheric 
I  jiresEnre  on  top  of  the  valve,  and  the  exhaust  gases  escape  through 
ly  to  the  atmosphere.  To  prevent  excessive  heating  of  this  valve 
r  water  is  circulated  through  it,  entering  at  //  and  leaving  at  f. 

lu  smaller  engines  the  pressure  on  the  exhaust  valve  just 
I  prior  to  its  oix-ulng  is  somelinies  relieved  l>y  the  escape  of  the 
I  gases  thruligh  an  auxiliary  exliaiiBt  ]Kirt  (1*.  Fig,  lo)  in  the  cylin- 
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B^er  which  is  untrovered  by  the  pititon  just  before  it  reaches  tbe  enu 
Uf  its  untstroke.  Soon  afli-r  it  starts  on  tlie  return  stroke  the  pis- 
i  the  auxiliary  j»)rt,  and  tbe  exhaust  for  the  retnaiuder  of 
Bth«  slnikc  is  through  the  regular  exhaust  valve.  As  tbe  regular 
■valve  (nut  shown  in  the  figure)  is  not  opened  till  after  the  uncov- 
tring  uf  tbe  auxiliary  jiort,  there  is  practically  only  atmospheric 
nressnre  on  it  when  it  lifts.  An  ohji-ction  to  this  device  is  that 
the  same  auxiliary  jxirt  is  uncoven-d  again  near  tbe  end  of  the 
admission  stroke,  and  ati  the  |)ressure  in  the  cylinder  is  then  less 
than  utiiiospheric  pressure,  some  of  the  exhaust  gaees  enter  tbe 
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cylinder,  inixing  with  tlie  charge  and  diluting  it.  At  the  begin- 
ning of  the  return  or  conipression  stroke  part  of  tlie  contents  of  tho 
cylinder  is  forced  ont  tu  the  exhaust  until  the  piston  has  again  cov- 
ered the  auxiliary  port,  and  consequently  some  of  tlie  charge  is  lost. 
Valve  aearing.  The  valves  are  most  commonly  operated  by 
camB.  Cams  are  preferable  to  eccentrics  for  this  piirjKjse,  because 
they  can  be  designed  to  give  very  prompt  oj)ening  and  closing. 
The  cams  are  mounted  upon  a  Itiy  ahnft,,  or  Hide  mh^ft^  or  cam, 
shaft.  The  cam  shaft  is  driven  in  different  engines  either  by  apnr 
gears,  bevel  gears,  or  skew  gears.     The  spur  gear  (see  Fig.  12)  can 
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t)e  used  only  for  parallel  sliaftB,  the  Itcvel  ^.'iir  for  shafts  which 
are  in  the  same  plane  but  are  inclined  tu  one  another,  and  the 
Hkew  or  spiral  gear  (Fig.  llT)  for  stmfls  which  are  not  jiarallel  and 
do  not  lie  in  the  same  jdane.  To  reduce  the  speed  of  the  cam 
whaft  the  spur  and  bevel  gears  must  Inivo  the  geiir  on  the  cam 
shaft  twice  tlie  size  of  that  on  the  main  shaft.  With  the  skew 
gear  there  is  no  necessary  relation  between  the  diameter  of  the  iwo 
gears,  and  generally  the  gear  on  the  cam  shaft  is  smaller  than  that 
on  the  main  shaft.  The  skew  gear  has  great  advantage  over  the 
other  two  in  its  quietness  of  oj>eration. 
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THERMODYNAMICS  OF  THE  OTTO  CYCLE. 

In  ioternal  combustion  motors  the  explosive  mixture  in  the 
(.■yliiider  consists  of  air  mixed  with  a  comparatively  small  volame 
of  the  gaseous  or  liquid  fnel.  For  instance,  if  the  engine  noes 
gaa  from  the  city  mains,  the  mixture  will  average  about  eight  or 
nine  parts  of  air  to  one  of  gas  and  should 
never  have  less  than  ahout  six  parts  of  air 
to  one  of  gas.  This  mixture  can  be  re- 
^rded  up  till  the  time  when  explosion 
takes  place  as  if  it  were  pure  air.  Also, 
the  products  of  combustioD,  after  the  ex- 
plosion is  completed,  have  pbysical  prop- 
erties hut  very  slightly  different  from 
those  of  air,  and  consequently  the  working 
enbgtance  in  the  cylinder  can  be  regarded 
without  serious  error  as  consisting  entirely 
of  air.  In  the  following  discuBsion  of 
what  occurs  in  the  engine  cylinder,  it  is 
assumed  thronghout  that  the  enh^tance 
in  the  cylinder  is  air. 

Tile  processes  taking  place  in  the 
entrine  eylinder  are  best  represented  on  a 
pressure-vohune  diagram.  At  tlie  be- 
ginning of  the  cycle  of  operations  the 
piston  is  at  the  end  of  its  path  and  is 
about  to  tjegin  its  out-stroke.  The  clear- 
ance ejiaee  is  full  of  products  of  combus- 
tion at  atmospheric  pressure  because  it 
has  been  in  communication  with  the  at- 
mosphere through  the  exhaust  valve  which  ^''*'  '*■  '*'5j''°'^'  Exhaust 
has  just  closed.     Tlie  condition  existing 

in  the  cylinder  at  this  instant  is  represented  in  the  diiigrain.  Fig. 
IT,  by  the  jtoint  1,  which  is  at  a  liorizontal  distance  from  tlie 
vertical  axis  representing  the  clearance  volume,  and  at  a  vertical 
distance  above  the  horizontal  axis  representing  tlie  atmospheric 
pressure  of  14.7  lb,  per  square  inch.  As  the  piKton  makes  its 
ont-struke  the  admission  valve  opens  admitting  tbo  charge  to  tiie 
cyHuder  throughout  the  stroke,  and  as  the  cylinder  is   in  com- 
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iiinnicatiou  with  the  ootside  air  throngh  the  air  admission  valve, 
the  pressure  in  theeylinder  remains  atmospheric  pressure  throngh- 
out  the  stroke.     On  the  diagram  the  admission  is  represented  by 
the  line  1   2,  which   is  at  the  constant  height  representing  the 
atmospheric  pressure  and  whose  length  represents  the  volume  of 
the  charge  taken  in,  which  is  the  same  as  the  volume  through 
which  the  piston  moves.     The  point  2  represents  the  conditiou  at 
the  end  of  the  first  stroke.     Tlie  admission  valve  now  closes  and 
the  J^i^ton  makes  its  return  stroke.     Since  all  the  valves  are  closed. 
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Fii;.  15.    Section  Through  CyliudiT.  Tolumbus  Engine 

llic  rliarc:i»  cannot  i'scajH*  and  is  crowdtnl  into  a  smaller  volume 
wliilt^  its  ])ivs>nre  risrs.  Tlie  pnKvss  continues  till  the  piston 
rcaclit'S  tlie  tMid  of  its  stroke,  at  which  time  the  whole  charcre  is 
com  pressed  into  the  clearance  space.  This  process  is  represented 
l)y  tilt*  lint*  2  W,  wliicli  shows  the  rise  in  pressure  resultincrfrom  the 
compression.  A  compression  of  tliis  kind,  occurring  without  the 
addition  or  the  abstraction  of  heat  from  the  gjis,  is  called  an  atHa- 
hntn'  compression.  It  causes  not  only  an  increase  in  the  pressure 
1)11 1  also  in  tlie  tenijK^rature  of  the  gas.  It  is  the  process  that 
takt^s  j)lace  in  the  working  of  an  ordinary  bicycle  pump  and  which 
causes  its  rise  in  temjH»rature.  The  relation  betw(»en  the  pressure 
of  air  and  its  volum*^  when  subjected  to  adiabatic  comj)ression  js 

pyiK*  ^  constant 
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(Note  carefully  that  in  this  equation  P  means  the  absolute  pres- 
sure and  not  the  pressure  shown  by  a  gauge).  When  the  charge 
has  reached  the  conditions  represented  by  the  point  3,  it  is  ignited, 
and  the  heat  generated  by  the  explosion  raises  the  temperature  and 
consequently  the  pressure  of  the  mixture.  The  combustion  occurs 
so  rapidly  that  the  piston  has  not  time  to 
start  on  the  out-stroke  before  the  com- 
bustion is  completed  and  the  rise  of  pres- 
sure occurs,  as  is  shown  by  the  line  3  4, 
while  the  volume  of  the  gas  is  constant. 
The  hot  products  of  combustion  at  the 
pressure  P^  now  force  the  piston  out  and, 
expanding  behind  it,  they  fall  in  pressure. 
This  expansion,  occurring  without  com- 
munication of  heat  to  or  from  the  gas  is 
adlahatie  expans'ton^  and  is  consequently 
accompanied  by  a  fall  in  temperature  of 
the  gas.  The  expansion  curve  4  5  is  sim- 
ilar  to  the  compression  curve  2  3,  and  has  the  same  equation. 

At  the  point  5  the  piston  is  at  tlie  end  of  the  stroke  and  no 
more  expansion  is  possible.  The  exhaust  valve  opens  and  the 
pressure  in  the  cylinder  falls  immediately  to  atmospheric  pressure. 


Fig.  16.    Spiral  Gear. 


as  shown  by  the  line  5  2  in  the 
diacrram.  Tliroucrhout  the  last 
return  stroke,  2  1,  the  exhaust 
valve  remains  open  so  that  the 
pressure  in  the  cylinder  remains 
atmosj)heric  pressure.  The  com- 
pleted diagram.  Fig.  17,  shows 
the  w^hole  series  of  pressure  and 
volume  changes  occurring  in  a 
gas  engine,  and  is  such  a  dia- 
gram as  would  be  taken  by  an 
indicator  from  a  perfect  engine.  The  area  2  3  4  5  enclosed  by 
the  diagram  represents  the  work  done  by  the  engine  per  cycle. 

The  Pressures  and  Temperatures  of  the  working  substance 
and  the  amount  of  work  done  in  an  engine  which  exactly  follows 
the  Otto  cycle  can  be  readily  calculated.     Starting  at  the  point 
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Fig.  17.    Ideal  Indicator  Card  of 
Otto  Cycle. 
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2  (I'ig-  l~l.  tlitre  is  present  in  tlie  cylinder  a  volume  V.  &t 
atmosplieric  j>R-ssurB  P^  and  at  the  temjteratiiru  t..  which  will  be 
HSHUiiie<l  to  Ik-  the  temperature  of  the  air  as  it  came  into  the  cyliu- 
der.  The  working  suhstance  ia  compressed  adiabaticallv  till  it  tills 
only  the  clearance  volume  V,.  The  consequent  rise  in  pressure 
can  be  calculated  from  the  formula  already  given,  but  it  is  more 
Hinijjly  obtained  from  the  curve,  Fig.  18.  which  gives  the  relation 
lietweeii  the  changes  of  volume  and  of  pressure  in  adiabatic  ex|>an- 
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oion  or  cniiipn-s^ioii.     The  hori^coulul  s<'!iK'  iti  tins  diagram  is  the 


xi«i 


iipiv. 


t  til.'  ' 


Ttiwil  scale  shows  the 


(■(irri'sjMUKliiig  nitio  of  ihi*  [)rei<snn'S  at  ihf  iH-friiiniiig  and  end  of 
IJic  f\[iiiiinioii  or  ciirnpreswioii.  If,  for  exjiiiijile,  the  working  t-nb- 
.-tiiiii-c  ex|iaiidH  iidiiilmtically  to  live  tiitiex  its  original  volume,  tlie 
preritinre  (which  varies  inversely  att  the  vulunie")  is  shown   by  the 

curve  to   full  to  -r,,.-  "f  i'8  original  vabie.     (.'oiiversely,  if  the 
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working  substance  is  compressed  to  -=-  the  original  volume,  the 

pressure  rises  to  9.07  times  its  original  value.  Consequently, 
the  pressure  at  the  point  3,  Fig.  17,  can  be  found  by  the  use  of 
this  curve. 

Examjyle.  A  gas  engine  with  83^  j)er  cent  clearance  takes 
in  its  charge  at  14.7  lb.  ])er  sq.  in.  pressure.  What  is  the  pressure 
at  tlie  end  of  the  adial)atic  compression? 

Solution.  The  clearance  volume  V3  is  33.\  per  cent  of  the 
volume,  Vj  -  V3,  through  which  the  piston  moves,  or 


V   =       -^  (W  -Y) 


100 
...     3V3  =  V,-V3 

and      y'  =  4 
^  3 

From  the  curve.  Fig.  18,  if  the  ratio  of  compression  is  4,  the 
corresponding  ratio  of  pressures  is  7.00,  so  tliat  the  pressure  at 
the  end  of  compression  is  7.00  times  the  pressure  at  tlie  l)eginning 
of  compression.  Tlierefore  tlie  pressure  at  end  of  compression, 
P^  =  7.00  X  14.7  =  103.8  lb.  per  sq.  in.  abs. 

77//?  tdinperatiii'e  at  the  end  of  the  adfahcftie  exjytnsloti  can 
l)e  found  from  the  equation  for  a  perfect  gas.  Tliis  may  be  stated 
in  the  form 

PV  =  7/'KT 

where  t/^  is  the  weight  of  the  gas,  II  is  a  constant  for  any  perfect 
gas  and  has  the  value  53.2  for  air,  P  is  the  pressure  iii  lb.  per 
sq.  ft.  abs.,  and  T  is  the  absolute  temperature  of  the  gas.  The 
weight  of  the  gas  is  constant  throughout  the  adiabatic  compres- 
sion, and  can  be  found  from  the  point  2  if  P.^,  V,^  and  X^  are 
known.    The  temperature  at  3  can  then  be  found  from  the  equation 

P.V,  ..  ,«RT. 

Example.  Assuming  the  conditions  of  the  previous  problem 
and  supposing  the  temperature  of  the  air  to  be  00^  F.,  what  is  the 
temperature  of  the  charge  at  the  end  of  the  compression  ? 
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Solution. 

PjV,  =  wRT, 

_ l^Xj -  1^»7  X  144  X  V, 
•"■  T,    ~        60  +  461 

Also  _1>.V, 

_  P  ^'»  V  J!!^±i^ 

""     '  V,     14.7  X  144 
and  V,       1 

.-.     T,  =  103.8  X  144  X  T-X        '^~^ 


4      14.7  X  144 

:=  1»1'.).6'  alts, 
and  t,  =  458.6'  F. 

T/ii'  ri'sr  hh  ti- III  pi;  rat  II  re  during  explosion  depends  on  how 
much  ht'iit  is  geiioratotl  which  in  turn  depends  on  the  strength  of 
the  ux|)1osivo  niixturo  and  tlie  heat  of  combustion  of  a  cubic  foot 
of  the  fuel.  Let  H  bo  the  heat  of  combustion  of  a  cubic  foot  of 
the  fuel  in  B.  T.  U.,  and  let  the  nii.xture  consist  of  1  j)art  of  gas  to 
//  parts  of  air.  The  total  volume  of  the  charge  taken  into  the 
cylinder  each  admission  is 

Vo  -  Vj  c*u.  ft. 
llin  vdIuiiu^  of  fik'l  in  lliis  cluirsfi* 

/^  +  1  ^  ^ 

!unl  tliu  Ir'hI  of  coinlnistioii  of  tliis  fut'l  is 

Q=_.  Jl^^7-J    K.T.K. 
//.  -\-  1 

Tikis  lioat  is  utilized  in  raising  the  tenij)eratiuv  of  tho  gas  from 
the  known  tenijKM'ature  T,  to  another  teni[)erature  T^.  The  rise  in 
teni])erature  can  l)e  found  when  the  h(»at  necessary  to  raise  one 
j)ound  of  air  one  degree  in  tenij)erature  is  known.  This  amount 
of  heat  is  called  the  ^jnrJp'c  /uot.  It  is  represented  by  tlie  synilx)! 
Oy  (indicating  that  the  volume  is  unchangt^l  while  the  temjRTature 
rises),  and  is  equal   to  .KVJ  D.T.T.  for  air.     With  a  weight  of  to 
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11).  tlie  boat  necessary  to  raise  the  gas  one  degree  in  temperature  is 

irCy  RT.U. 

To  raise  the  temperature  T,  -  T,  degrees  the  heat  supply  is 

w  Cy  (T,  -  T3)  13.T.l\ 

and   tlu*  heat  of  comlmstion   is  used  entirely  in   raising  the  gas 
from  T3  to  T,. 

...     II^:p^^»-v.a(T,-T3) 

P  V 

=  _-'  J(^    (T  -  T^ 

ir       iiT,      1     V,    V. 

^*  ~  ^'  -  u-  +  1  ^  TT     (V  ^  — VZ~ 

Example.  In  the  previous  problem  if  the  charge  taken  in 
consists  of  1  part  of  gas  to  seven  parts  of  air  and  the  heat  of  com- 
bustion of  the  gas  is  040  B.T.U.,  per  cu.  ft.,  find  the  temperature 
at  the  end  of  explosion. 

Solnt'ton, 

v.,  -  V,       V^-  |.  V,         3 
V,        "       V,        ^    4 

_(U()      53.2  >-  521  1  8 

*  "     ''~    8"  -^  14.7  X  144  ^  71(55)  ^  "4 
.-.     T.  =  4f.4'.»  +  T, 
=  55r).s.«r  abs. 
.-.      t.  =  5107.0   F. 

If  a  jwrfect  gas  18  raised  in  tt<inpt?rature  while  its  vohiine  is 
unchanged,  the  ahsolutu  jdvssuro  will  increase  in  exact  j)rop()rtion 
to  the  rise  of  absolute  teni(K^rature, 

or  \\  :  r,  :  :  T,  :  T3 

T 
P  ^-  *P 


T 


3 


Example.     What  is  the  pressure  at  the  end  of  explosion  in 
the  preceding  problem  ? 
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Solution. 


T 
P  =  — P 


5568.6       ^r. .  r.  11  .       1 

=    ii-iiA  (^  ^  lOo.o  lb.  per  sq.  in.  abs. 

=  628.6  lb.  per  sq.  in.  abs. 

77/6'  pressnre  and  temperature  at  the  end  of  the  adiahotic 
e,rj)a/tftio?i  can  be  found  most  simply,  after  the  other  pressures  and 
temperatures  are  known,  by  making  use  of  a  relation  which  exists 
between  the  pressures  and  temperatures  at  the  points  2,  3  4.  5.* 
These  relations  are 

P       P 

■■^2  ^5 

P    "P 

and 

T       T 

•'-2  -^b 

T  "*  T 

L\i'(tnfj)lcs,  What  are  (a)  the  pressures  and  (b)  the  teiii|>er- 
atures  ut  the  end  of  the  adiabatic  expansion  in  the  preceding 
problem  ? 

Po 

(a)  J\  =  p"  X  P4  =  8U  lb.  per  sq.  in.  abs. 

(b)  T,  :=  J^  X  T,  =  3155'^  abs. 

=  2094"  F. 

Thf'  ii'orh  (lone  by  any  heat  engine  is  equal  to  the  difference 
between  tin*  lieat  that  goes  to  the  engine  and  that  which  is  rejected 
by  tlie  cMigiiie,  because  wliatever  heat  disappears  cannot  have  been 
ih'st roved  and  must  have  been  converted  into  work.     In  the  Otto 

I; 

cycle  the  heat  taken  in  has  been  seen  to  be 

Q  --  7/'C^  (T,  -  T3)  IIT.U. 

Heat  is  rejected  from  the  engine  only  during  the  process 
represented  by  the  line  5  2,  because  when  the  charge  gets  back  to 
the  condition  2,  it  has  returned  to  its  original  volume  and  pressure 

P4 

•  The  ratio  of  the  pressures  .,  can  Ik?  obtained  from  the  curve,  Fig.  18.  since  the 
ratio  of  the  volumes  ,—  is  knoii^'n.    But  V»  =  Vj,  therefore  -zfi  *  ,-;-  and  ^-J^  =  - -^ 
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and  coDsequently  to  its  original  temperature.     The  heat  rejected 
is  then 

Q^=irC^iT,-T,)  B.T.U. 

And  consequently  the  work  done  per  cycle  is 

W  =  Q  -  Qr  B.T.U. 

=  77ih,Q-QRt  ft.  li>. 

T/t*'  ejfirit'urtj  **f  t/t^  *'f/r^*\  that   is,  the  fraction  of  the  heat 
supplied  that  is  converteil  into  work  is 

W_Q-Q« 


1     T,-T, 
~       T.-T, 

And  since  as 

already  stateil. 

T,       T, 

T        T~ 

we  pet 

T,  -  T,      T, 

T  -  r      T 

therefore 

T 

FJxntnjth 

Find  the  efficiency  o 

problem. 

T 

521 
~        1»1'J.6 

=  1  -  .507  =  .433 

The  work  W  done  per  cycle  can  be  calculated  from  the  efficiency, 
without  knowing  the  heat  rejected 

Q 

or     "W  =  E  X  Q     B.T.r. 

=  779  E  X  Q    ft.  lb. 
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Examples.  If  the  cycle  discussed  in  the  previous  examples 
takes  place  in  a  cylinder  of  12  in.  diameter  and  18  in.  stroke,  what 
will  be  the  work  done  per  cycle  ?  If  the  engine  makes  250  revo- 
lutions  per  minute,  what  will  be  its  indicated  horse-power? 

Solution, 

W  =  779  E  X  Q     ft.  lb. 

^  =  ;rT~i  ^^^  ~  ^'^  ^'^'^' 

V^  -  V,  is  the  volume  through  which  the  piston  moves  in  cu. 
ft.,  and  is  tlie  product  of  the  cross  section  area  of  the  cylinder  in 
s(|.  ft.  by  the  stroke  in  ft. 

_7r       /12Y       18 

=  1.178  cu.  ft. 
.-.     Q  =  94.25  B.T.U. 
...     \V  =  40.81  B.T.U. 

=  31791  ft.  lb. 

Since  tliis  encrjne  requires  two  revolutions  to  complete  a 
cycle,  tlie  number  of  cycles  per  minute  is  only  half  the  number  of 
revolutions  ])er   minute;  therefore  the  work  per  minute 

=  W  X  125     ft.  lb., 

,    ,      .  31791  X  125 

and  tlie  iiorsf- power  =  w^ttttttv ' 

'  ooOUU 

=  120.4  I.K.P. 

EXAMPLE  FOR  PRACTICE. 

(a)  A  ^as  enj^iue  usiutr  the  Otto  cycle  has  25  per  cent  cle4ir. 
lUKv  and  takes  in  its  charge  at  14.7  lb.  per  sq.  in.  and  at  (MY  F. 
What  is  the  pressure  at  the  end  of  the  compression? 

An 8.     141.1  lb,  per  sq.  in.  abs. 

(b)  What  is  the  temperature  at  the  end  of  compression  'i 

Ans.     539^  F. 

(c)  If  the  charge  consists  of  1  part  of  gas  to  9  parts  of  air  and 
the  heat  of  combustion  of  the  gas  is  (JOO  B.T.U.  j^er  cu.  ft.  what 
is  the  tem])erature  at  the  end  of  explosion?  Ans.     4258°  F, 

(d)  What  is  the  pressure  at  the  end  of  ex])losion? 

Ans.     605.9  lb.  per  sq.  in.  abe. 
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(e)  Wliat  are  the  pressure  and  temperature  at  the  end  of  the 
expansion  ?  Ans.  69.4  lb.  per  sq.  in.  abs.     1997^  F. 

(f)  What  is  the  eflScieney  of  the  cycle?  Ans.     .479. 

(g)  If  the  cylinder  diameter  is  18  in.  and  the  stroke  is  24  in., 
and  the  engine  makes  150  revolutions  per  minute,  what  is  the 
I.II.F.?  Ans.     ISO  I.H.P. 

An  examination  of  the  equation  for  the  efficiency  of  the  Otto 
cycle, 

T 

E  =  1  -  4? 

brings  out  certain  important  results.  Tlie  efficiency  is  seen  to 
depend  only  on  the  ratio  of  the  temperatures  at  the  lx?ginning  and 
end  of  the  compression,  and  not  at  all  upon  the  tem|xjrature  and 
pressure  at  the  end  of  explosion.  Since  the  ratio  of  the  tempera- 
tures at  the  beginning  and  end  of  compression  depends  only  upon  the 
ratio  of  compression,  and  since  further,  the  charge  is  always  com- 
pressed till  it  occupies  the  clearance  volume,  the  efficiency  is  seen  to 
depend  only  upon  the  percentage  clearance.  In  other  words,  in 
engines  with  the  same  percentage  clearance  using  the  Otto  cycle,  the 
percentage  of  the  heat  liberated  in  the  cylinder  that  is  converted  into 
work  is  always  the  same  whatever  be  the  size  of  the  engine  or  the 
strength  of  the  charge.  The  effect  of  the  clearance  on  the  efficiency 
is  exhibited  in  table  I,  where  it  is  seen  that  the  smaller  the  cleamnce 
the  greater  is  the  efficiency  of  the  engine.     The  pressures  at  the 

TABLE  I. 


Percentage 
Clearance  of  Otto 
cycle  engine. 

Pressure  at  the  end 

of  compresHlon 
lb.  per  KCi.  in.  abs. 

EClclency  of  Otto 
cycle. 

Ertlciency  of  cycle  with 
increased  expansion, 
but   with   the   same 
compression  pres- 
sure  as   the   O  1  t  o 
cycle. 

20 
25 
30 
35 
40 

183.3 
141.1 
116.4 

85.6 

61.6 
47.9 
44.8 
42.1 
39.8 

60.9 

58.4 

66. 

52.6 

50.4 

end  of  compression  are  also  given  in  the  table,  and  are  calculated 
on  the  assumption  that  the  atmospheric  pressure  is  14.7  lb.  |)er 
sq.  in.  aba. 
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OTTO  CYCLE  WITH  INCREASED  EXPANSION. 

The  pressure  at  tbe  end  of  expansion  is  seen  in  the  example 
worked  out  to  be  89  lb.  per  sq.  in.  abs.  In  ordinary  practice  it  is 
commonly  found  to  be  from  50  to  60  lb.  abs.  It  is  evident  that 
if  the  gas  were  |)ermitted  to  expand  further  it  would  do  more 
work  and  consequently  would  increase  the  efficiency  of  the  cycle. 
The  indicator  card,  Fitr.  11),  shows  one  method  used  for  obtaininf^ 
more  exj^nsion.  The  charge  enters  at  atmospheric  pressure  from 
1  to  2,  when  the  admission  is  cut  off.  The  piston  continues  mov- 
ing forward  to  the  end  of  its  stroke,  but  as  no  more  admission 
takes  place  the  charge  expands  adiabatically  to  3,  while  its  pres- 
sure falls.     On  the  return  stroke 
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Fig.  19. 


the  charge  is  compressed  adia- 
batically, retracing  the  expansion 
path  along  3  2  and  continuing 
till  the  whole  charge  is  com- 
pressed into  the  clearance  space 
at  4.  The  rest  of  the  cycle  is 
unchancjed.  The  diacrram  12  4 
5  H  2  re])resents  the  ordinary 
Otto  cycle,  and  the  shaded  area 
8  ()  7  2  represents  the  increase  in 
work  due  to  the  increased  ex- 
pansion. The  efficiency  of  this  cycle  can  be  easily  calculated  and 
the  results  of  such  calculations  are  given  in  table  I.  They  are 
made  on  the  assumption  that  the  charge  is  admitted  for  only  one- 
half  the  stroke  and  that  the  heat  combustitjn  is  80  I3.T.U.  per  cu.  ft. 
of  the  charge.  An  inspection  of  the  table  shows  the  increase  in 
efficiency  which  results  from  the  increased  expansion  for  engines 
which  have  the  same  pressures  at  the  end  of  compression  and 
indicates  that  in  order  that  a  gas  engine  of  this  ty])e  should  be  of 
high  efficiency,  it  should  compress  the  charge  to  a  high  pressure, 
and  then  should  expand  the  products  of  combustion  to  a  volume 
considerably  in  excess  of  the  original  volume  of  the  charge. 

THE   IDEAL  AND  THE   REAL  OTTO  CYCLES. 

The  calculations   in    the  preceding  pages    are  made  on  the 
assumption  that  the  gas  engine  follows  the  Otto  cycle  exactly,  in 
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Fig.  30.    Indicator  Card  from  Otto  Cycle 

Engine. 


H^hich  ease  the  engine  is  called  an  ideal  engine.     The  real  engine 

does  not  exactly  follow  the  Otto  cycle  because  of  certain  practical 

difficulties.     Differences  between   the  real  and  the  ideal  engines 

fwur  in  each  part  of  the  cycle.     During  admission  (Fig.  20,  line 

^  2)  the  pressure  in  the  cylinder  is  actually  a  |K)und  or  more  below 

^it)  atmospheric  pressure,  that 

tJifference  being  necessary  to 

^i^n  the  air  admission   valve 

^^hen  automatic),  and  to  cause 

tue  air  to  flow  in  with  suflScient 

velocity.    The  charge,  more- 

^^'^'',  is  heated  by  contact  with 

^"^  cylinder  walls  and  with  the 

^^t  gases  remaining  in  the 

^'^rance.     The  compression  is 

"^^  ^iabatic  because  it  occurs  in  a  cast  iron  cylinder  which  takes 

"^t  from  the  gas  while  it  is  being  compressed  and  so  makes  the 

nnal  temperature  and   pressure  less  than   that  calculated  on  the 

^^Umption  of  adiabatic  expansion.     The  difference,  generally,   is 

not  Very  great. 

The  explosion  in  the  real  engine  is  neither  instantaneous  nor 
complete.  It  approximates  more  closely  to  the  ideal  explosion 
^lien  the  compression  is  considerable  and  when  the  explosive 
^^lixtnre  has  only  a  small  excess  of  air  present.  With  weaker 
^nixtures  the  ex])losion  becomes  slower  and  less  complete,  as  shown 

in  J'ig.  21,  till,  with  the  weakest 
explosive  mixture,  the  process  is 
really  one  of  slow  combustion 
taking  place  throughout  the  whole 
of  the  expansion  period,  and  some 
of  the  charge  may  be  still  un- 
burned  when  exhaust  takes  place. 
Even  under  the  best  conditions  the  rise  of  temperature,  and  con- 
seipiently  of  pressure,  during  the  explosion  is  only  about  six-tenths 
of  that  occurring  in  the  ideal  engine.  This,  it  will  be  seen,  makes 
the  power  of  the  real  engine  considerably  less  than  that  of  the 
ideal.  The  water  jacket  around  the  cylinder,  without  which  the 
cylinder  would  be  too  hot  to  be  properly  lubricated,  is  one  of  the 
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Fig.  21. 


Indicator  Card  with  Weak 
Mixture. 
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important  causes  of  the  difference  between  the  real  and  ideal  cycles, 
as  the  jacket  absorbs  usually  about  forty  per  cent  of  the  total  beat 
of  the  combustion. 

Tlie  expansion  curve  is  above  the  adiabatic  in  real  engines 
IxH^ause  the  cylinder  walls  that  have  been  heated  by  the  explosion 
give  back  some  heat  to  the  gases  and  also  because  the  combustion 
still  continues  and  liberates  more  heat.  This  last  effect  is  espe- 
cially marked  when  the  explosive  mixture  is  weak. 

Finally,  the  exhaust,  as  in  the  steam  engine,  b^ns  a  little 
before  the  end  of  the  expansion  stroke  so  as  to  give  plenty  of  time 
for  the  escape  of  the  gases,  and  the  pressure  in  the  cylinder  during 
the  exhaust  stroke  is  necessarily  higher  than  that  of  the  atmos- 
])liere  into  which  the  gases  are  rejected. 

The  total  effect  of  all  these  differences  between  the  real  and 
the  ideal  engine  is  that  the  work  done  in  an  actual  engine  in  good 
condition  is  only  from  five-tenths  to  six-tenths  of  that  which  the 
ideal  engine  would  do,  and  the  efficiency  of  the  real  engine  is  only 
from  five-tenths  to  six-tenths  of  that  of  the  ideal  engine. 

K>varapli\  AVhat  are  the  probable  actual  efficiency,  horse- 
power and  gas  consumption  of  the  engine  whose  ideal  performance 
has  been  worked  out  in  the  preceding  examples  ?  Assume  the 
real  eno;ine  to  have  -^^  the  efficiency  of  the  ideal  engine*. 

The  idt^iil  etticiency  was  found  to  be  .433. 

.-.     The  probable  real  eflicieney  =  .0  X  .433  =  .20. 
The  ideal  horse -power  was  found  to  ])e  120.4, 
the  ]>rol)able  real  if.  P.  --  S\  X  120.4  --  72.2. 

The  gas  con8Uin])tion   is  ex])ressed   in   en.  ft.  per  I.TLP.  per 
hour.      In  the  ideal  engine  the  volume  of  gas  taken  in  per  cycle  was 

V,-V        1.17S 

-     -     i'  '.-        --  .—  .14  <  cu.  ft. 

//  -I-  1  h 

The  number  of  cycles  per  minute  was  12o. 

.*.  the  gas  used  ])er  minute  --  .147  X  125  eu.  ft. 

=  18.4  cu.  ft. 

.-.  the  gas  used  j)er  hour       ^^  lS.4  X     ^>0  eu.  ft. 

-----  1104.  eu.  ft. 

And  the  probable  real  T.ll.l*.  is  72.2.* 

.-.  the  tpis  used  iH»r  1.11.1  .  iH»r  hour  --     ^.  .     ^:=  lo.3  cu.  ft. 
*^  ^  ^  <2.2 
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EXAMPLE  FOR  PRACTICE. 

What  are  the  probable  actual  efficiencj.  I.II.P.  an«l  tT»s  con- 
sninption  of  the  engine  whose  ideal  perforniancv  has  li«*ii  unrkt^ 
out  in  the  previous  examples  for  practice. 

Answers:     /iST  efficiency. 

lOS  I.H.P.  " 
IL71  cii.  ft.  oas  cvjnsniiiption. 


leo 
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•ao 
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Isrnition.  For  satisfactory 
action  of  a  gas  engine  the  ig- 
nition of  the  explosive  mixture 
must  be  certain  and  must  occur 
at  a  definite  predetermined  time. 
In  timing  the  ignition  it  has  to 
\ye  recognized  that  the  explosion 
is  not  instantaneous  but  re-  b 
quires  the  lapse  of  a  not  in- 
considerable period  of  time 
l)efore  the  maximum  pressure  is 
reached.  The  actual  duration  of  c 
the  explosion  depends  on  the 
strength  of  the  explosive  mix- 
ture and  on  the  amount  of  com- 

pression  to  which  it  is  subjected.  The  i»^iiitioii  .<IiouM  liave  A*'//, 
that  is,  should  Ix^rin  a  little  l>efore  the  eml  of  tlie  return  or  com- 
pression  stroke,  when  the  craiik  is  alx)ut  15  from  its  dead  center, 
so  that  the  maximum  pressure  is  reached  when  the  crank  has  just 

passed  the  dead  center.     The  indi- 
cator card,  if.  KicT.  22,  is  with 
properly  timed  ignition.     If  the 
ignition   is  later  than  this,  indi- 
cator cards  similar  to  h  or  r  will 
he  obtained,  and  the  enirlne  will 
do  less  work  and  Ik*  less  etKcM'ent. 
If  the  ignition  is  too  early,   the 
maximum  pressure  will  be  obtaineil  (^Fig.  23)  l»efore  the  crank  has 
reached  its  dead  center  and  will  tend  to  reverse  tlie  eni/inc     This 
causes  great  shock  to  the  engine,  its  rapid  deterioration  and  low- 
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Fig.  28. 
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ered  eflieiencj.  The  immediate  external  evidence  of  too  early  or 
premature  ignition,  from  wbatBoever  cause,  is  a  violent  pounding 
noise  in  tlie  engine. 

TiPd  wf.thoth  of  ignition  are  in  common  ase  in  engines  using 
the  Otto  cycle.  The  first  is  by  bringing  the  explosive  mixture 
into  contact  with  some  surface  which  is  kept  at  s  temperature 
sufficiently  high  to  cause  ignition;  the  second  is  by  means  of  an 
electric  arc.  A  hot  tube  is  the  common  device  when  the  first 
method  of  ignition  is  used.  The  tnbe  E  (Fig.  2-t)  is  closed  at  the 
upper  end  and  commu- 
nicates at  its  lower  end 
through  the  port  B  with 
the  cylinder  A,  It  is 
heated  by  an  external 
llame  from  the  Bunsen 
burner  C,  and  is  main- 
tained at  a  full  red  beat. 
iTie  chimney  around  the 
tube  is  lined  with  as- 
bestos and  keeps  the 
flame  in  good  contact 
with  the  tulie.  During 
the  admission  stroke  the 
tube  is  filled  with  prod- 
ucts of  combustion  at 
atinosplieric  pressure 
remaining  from  the  pre- 

Fiir.  2).     E[Mi  Till-'  iKTiUrr.  .  ,        -  . 

vious  explosion.       As 

coiiipresriion  gm-w  lui,  the  iKiii-exjihisive  proiluuts  of  coiiibustion 
jire  cruwdod  into  llio  upper  jiiirt  of  the  tnbe  while  ]fflrt  of  the 
explosive  mixture  in  llie  cylinder  is  compressed  into  the  lower 
jiiirt  of  the  tube.  The  leiigtii  of  the  tiilw  and  the  position  of  the 
lltiine  are  adjusted  hy  ex]ieriiiient  so  lliiit  tlie  explosive  charge 
will  juwt  reach  the  hot  jiortion  of  tlie  tulw"  and  lie  ignited  at  the 
tmuneut  wlieii  ignition  is  desired.  Shortening  llio  tube  makes 
the  ignition  come  earlier.  "With  this  device  the  actual  time  of 
ignition  is  not  very  detinite.  It  dejK'uds  on  the  lenijterature  of 
tlu^  tiilie,  the  positiou  of   the  Bunsen   flume,   the  stivngth  of   the 
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mixture  and  the  Kmoiint  of  compression.  As  these  last  two 
quantities  are  parposely  raried  by  the  governor  in  some  engiDes. 
irregular  timing  would  result  from  its  use  in  sueh  cases. 

The  insularity  of  timing  with  the  hot  tube  igniter  can  be 
partly  remedied  by  the  use  of  a  ttmiixj  vah-r.  The  timing  valve 
B  (Fig.  25)  is  held  on  its  seat  by  a  spiral  spring  D  until  ignition 
is  desired,  when  by  a  movement  of  the  bell  crank  lever  E  the  valve 
opens  and  the  compressed  charge  in  the  cylinder  A  gets  access  to 
the  hot  tube  C.  The  valve  B  is  kept  open  till  the  end  of  the 
exhaust  stroke.  The  tubes  are  prefera))ly  made  of  nickel  alloy  or 
of  porcelain,  but  the 
latter  is  very  brittle  and 
apt  to  break  when  being 
fastened  in  place.  Iron 
tubes  are  used  some- 
times, but  they  bum  out 
rapidly  and  are  unre- 
liable. 

Even  when  pttK 
vided  with  a  timing 
valve  the  hot  tube  does 
not  give  very  satisfac- 
tory ignition ;  and,  more- 
over, some  time  is  con- 
sumed in  heating  the 
tube  before  the  engine 
can  be  started.  Accu- 
rate timing  can  be  ob- 
tained best  by  electric  means,  and  th-ctric  i/ftiifimi  is  consequently 
uited  more  than  any  other.  The  method  U  to  nmke  a  s|>ark  pass 
at  the  instant  wbeu  ignition  is  desired  between  two  terminals  sit- 
uated in  the  clearance  space  of  the  engine.  The  must  counnoa 
way  of  forming  the  spark  is  to  separate  two  contact  |K>itits  throngb 
which  a  carrent  has  been  flowing.  An  elit-tric  arc  will  then  [mas 
between  the  separating  contact  ]ioiiits.  In  order  to  ensure  that 
the  temperature  of  the  arc  is  high  enough  and  its  duration  is  suf- 
ficient to  ignite  the  explosive  mixture  tlirotigh  which  it  ^msses,  a 
gpark  coil  is  generally  inserted  in  the  circuit.     A  s|)ark  coil  con- 
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BJsta  merely  of  a  bundle  of  soft  iron  wires  snrrotiDded  by  a  coil  of 
insulattHl  cop|)er  wire,  through  which  the  curreut  goes.  The  ton- 
tact  points  of  tlie  igniter  must  be  brought  t(^ther  to  re-establisli 
the  current  lieforo  another  epark  can  be  obtained,  A  device  of 
this  nature  is  known  as  a  vmh- 
aiiil-hrt'itk  igniter;  and  when  the 
contact  points  do  not  slide  across 
one  another,  it  ia  called  a  hiiin- 
iiK'r  hi-eak conlAct, 

One  of  the  oonimon  forms  of 
hauuner  break   igniter   is   illus- 
trated in  Fig.  27,  whicli  shows  au 
igniter  plug  removed    from    the 
cylinder  liead.    The  inovaltle elec- 
trodo  h  is  at  the  end  of  an  arm 
■.     Wlieu  the  interrupter  lever'/, 
and  is  couut'Cted  to  it  through  a 
liftol  hy  an   arm    from  the  cam    slmft  of  the 
'■  »o  as  to  bring  h  into  Lard  contact 
lughly  insulateil  eI(H'tr<Hlc  <i.     This 
iiilrt   a  current  to  tluw   from  <i  to  A. 


used.  The  jiai'^jigi'  of  the  s|)ark  takes 
\  of  tho  material  from  one  tcririiuid  and  dc]>ositS 
on  the  otlier,  the  action  following  the  direction  of  the  cur- 
J{v  rcvcr^iing  llic  dii-e<-ti!:ii  of  tlie  current,  the  material  may 
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Ik;  returned  to  tbe  terminal  from  wliieli  U  was  t»ken,  and  the  dur- 
ability of  the  contact  poiuts  considerably  increaKed. 

The  curreut  is  generally  taken  from  a  primary  battery,  con- 
sisting of  about  fire  cells.  The  Edisoii-Lalaiide  cell,  made  up  of 
two  zinc  plates  and  a  plate  of  compressad  copper  oxide  immersed 
in  a  strong  solntion  of  caustic  soda,  is  perhaps  the  most  largely 
used.  Other  sources  of  electricity  can  be  used.  Current  is  some- 
times taken  from  a  direct  current  lighting  or  power  circuit,  hut 
this  is  objectionable  because  the  circuit  is  grounded  every  time 
the  igniter  terminals  are  in  contact.  The  practice  is  growing  of 
using  a  small  special  dynamo  for  tlie  exclusive  purpose  of  supply- 
ing the  current  for  ignition.  ■ 
This  makes  the  ignition  spark 
more  certain  and  of  more  uni- 
form strength  than  when  a 
battery  is  used,  as  the  latter 
dt^teriorates  and  weakens  witli 

A  make-and- break  con  tail 
is  sometimes  obtained  by  slid- 
ing one  contact  point  over  tlii- 
otlier  until  it  slides  off  com- 
plelely.  This  is  known  as  a 
■I'-ijii?  hr''il\  Tlie  method  en- 
sures a  good  contact,  pr<Khici-s 
a  very  hot  spark,  keeps  the  con- 
tact |)oints  clean,  but  wears  them  out  quite  rajiidly.  Provision 
must  be  made  for  adjustment,  otherwise  tlie  liming  will  alter  with 
the  wear  of  the  points.     The  rubbing  surfaces  can  be  of  iron. 

The  igniter  gear  of  an  engine  with  liaminer  lireak  ignition  Is 
shown  in  Fig.  28.  Tbe  igniter  rody,  which  is  supported  on  tin? 
reel  /',  receives  a  reciprocating  motion  from  a  crank  ij  at  the  end 
of  the  side  shaft.  During  the  exhaust  or  admi.'ision  stroke  the 
end  of  the  rod  f  comes  in  contact  with  the  interrupter  lever  */ 
(coin]iare  with  Fig.  27)  and  establishes  the  contact  of  the  elec- 
trodes. The  vertical  oom[)onent  (tf  tiic  movement  of  the  end  of 
tbe  rod /'sets  free  the  lever  (/  it  the  moment  when  ignition  is 
desired. 
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A  switch  (Fig.  2\^)  should  always  l)e  included  lu   the  electric 
circuit  and  should  be  thrown  out  when  the  engine  is  not  running, 
so  as  to  prevent  the  short-circuiting  and  consequent  exhaustion  of 
the  batteries. 

Another  way  of  obtaining  electric  ignition  is  known  as  tlie 
juinp  spark  method.  In  this  system  the  terminals  are  stationarj', 
generally  from  ono-slxteenth  to  one-eighth  of  an  inch  apart,  and 
the  s[>ark  is  made  to  spring  across  the  gap  between  them  by 
jmtting  the  terminals  in  the  secondary  circuit  of  a  Ruhmkorff  or 
uutluvtlitn  citlh  This  coil  consists  of  a  core  of  soft  iron  wire 
around  which  is  wound  a  relatively  coarse  insulated  w^ire,  the 
jtruiuii'ii  cirruif^  through  which  the  current  from  the  source  of 
energy  Hows.     A  relatively  tine  insulated  wire  coil,  the  secotulary 
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rirrf/Jf,  is  won  ml  :i  round  the  ])riniarv  coil,  but  has  no  metallic 
c'ontJK't   with    it.        It'    tlie  current  ilowintr   throurfi    the    T)rimarv 

O  O  I  » 

circuit  is  varit^d  in  strrnotli,  it  ciu^att's  or  induces  a  current  in  the 
secondary  circuit.  Generally  the  Kuhnikorff  coil  is  provided 
with  a  man-net';!  vibrator  (similar  to  that  used  in  an  electric  bell\ 
wliieh  makes  and  breaks  the  ])rimary  circuit  with  great  rapidity 
and  induces  a  coiK^iderable  alternating  current  in  the  secondary 
circuit.  If  the  two  ends  of  the  siH'ondarv  coil  i>e  broucrht  close  to 
one  anotluM*,  but  not  <]uite  in  contact,  a  spark  will  jumj)  across  the 
gap  at  each  make  and  break  of  the  primary  current,  the  spark  at 
the  break  being  the  more  powerful.  For  ignition  of  the  explosive 
mixture  in  a  gas  engine  it  is  not  necessary  to  use  a  vibrator;  the  cam 
shaft  ot  the  engine  breaks  the  primary  circuit  at  the  instant  when 
explosion    is    desired.       The    spark    passing   on    the   subsequent 
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remaking  of  the  primary  circuit  is  not  strong  enough  to  ignite 
the  charge.  The  connections  for  jump  spark  ignition  are  shown 
diagrammatically  in  Fig.  80.  The  primary  circuit  is  shown  there 
as  being  completed  througli  a  cam  on  the  side  shaft  of  the  engine. 
As  soon  as  the  side  shaft  has  moved  from  tlie  position  shown,  the 
contact  with  the  upper  flat  spring  is  broken  and  the  primary 
current  is  interrupted,  thereby  inducing  sufficient  current  in  the 
secondary  circuit  to  make  a  spark  pass  across  the  air  gap  between 
the  terminals  of  the  spark  plug.  These  terminals  are  completely 
insulated,  so  that  the  only  path  for  a  current  between  them  is 
across  the  air  gap. 

The  jump  spark  method  has  as  its  great  advantage  the 
absence  of  moving  parts  inside  the  cylinder.  This  is  offset  by  the 
fact  that  the  spark  is  liable  to  fail  as  a  result  of  the  formation  of 
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deposits  of  rust  or  corrosion  on  the  ])oints,  the  liability  to  this 
l)eing  much  greater  than  in  either  of  the  make-and-break  methods. 
Tlio  difficulty  of  o])taining  satisfactory  insulation  is  also  greater. 
Governing,  The  governing  of  an  engine  means  the  control 
of  the  power  which  it  is  developing  so  that  its  fij>eed  is  maintained 
practically  cx)n8tant.  If  the  engine  develops  more  power  than  is 
reiiuired,  the  engine  will  s|)eed  up;  if  the  ]K)wer  delivered  to  the 
crank  shaft  is  less  than  the  resistance  there,  the  encrjne  will  slow 
down.  The  governing  of  a  gas  engine,  like  that  of  the  steam 
entnne,  is  effected  by  utilizing  small  variations  of  engine-s|)eed 
resulting  from  change  of  engine  load.  The  controlling  mechanism^ 
or  the  governor  proper,  does  not  differ  from  that  used  on  the  steam 
entrine,  but  there  is  a  considerable  difference  in  the  way  in  which 
it  controls  the  work  done  by  the  engine.  There  are  two  general 
methods  in  use  in  gas  engines  for  varying  the  power;  one  by  vary. 
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iiig  the  iiiiiiiber  of  explosions  or  impulses  per  minnte,  whicli  is 
known  as  tlie  hlt-atiif-mhs  system,  and  the  other  by  varying  tke 
niiigriitude  of  the  impulse  while  keeping  the  number  per  minute 
constant,  which  may  be  called  the  vcriahle  imjtuhe  system. 

The  Hit-and-MIss  System.  The  omission  of  the  explosion 
or  impulse  can  be  obtained  in  several  ways.  The  most  common 
method  is  to  keep  the  gas  admission  valve  closed  so  that  air  alone 
is  taken  in  duriiiir  the  admission  stroke,  and  consequently  there  is 
110  explosion.  A  method  of  accomplishing  this  is  to  be  seen  in 
Fiff.  3i,  in  which  a  loaded  centrifugal  governor  is  shown  driven 
by  Ijevel  gearing  from  the  cam  shaft. 
In  the  position  shown,  the  gas  admission 
cam  '/  will  come  under  the  reel  r,  and 
will  start  to  lift  it  at  the  begianing  of 
the  admission  stroke.  The  reel  c  is  loose 
on  a  spindle  at  the  end  of  the  horizontal 
lever  ('.and  the  vertical  rise  of  the  spindle 
due  to  the  action  of  the  cam  opens  the 
gjis  valve  by  a  system  of  levers  not  shown 
in  the  tigure.  If  the  engine  speeds  up. 
till'  rise  of  the  governor  halls  raises  the 
^1,-,-vi;  on  the  governor  spindle.  lifts  the 
liiirizontal  arm  of  the  hell  crank  lever 
fnh-rnnicd  at  '/  and  shifts  the  forked  end 
I,  of  thf  viTtical  arm  to  the  right,  carry. 
iiig  llie  nvl  '■  with  it,  so  that  the  cam 
no  longer  engages  it  and  no  gas  is  ad- 
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I  onethiiti  loud,  ihcre  is  but  one  motive  stroke  in  twelve;  and  at 
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quarter  load,  one  in  sixteen.  Running  at  quarter  load,  the  engine 
will  be  speeded  up  during  the  motive  stroke  and  will  slow  down 
during-:  the  succeeding  fifteen  strokes  till  it  gets  to  normal  speed 
again.  The  actual  variation  in  speed  at  low  loads  can  be  reduced 
by  the  use  of  heavy  fly  wheels,  but  with  this  method  of  governing 
it  is  too  great  for  use  when  close  regulation  is  necessary,  as  for 
electric  lighting.  There  is  an  incidental  advantage  in  the  use  of 
this  method  in  that,  durinop  the  idle  cycles,  the  cylinder  is  flushed 
out  by  the  Hcaventjhuj  charge  of  air,  which  makes  the  next  ex- 
j)losion  more  powerful. 

The  omission  of  an  explosion  is  sometimes  effected  in  engines 
which  have  an  automatic  admission  valve  by  the  action  of  the 
governor  in  keeping  the  exhaust  valve  0])en  throughout  the  cycle. 
The  free  communication  between  the  cylinder  and  the  outside 
through  the  exhaust  valve  prevents  the  pressure  in  the  cylinder 
from  falling  sufficiently  below  the  atmospheric  pressure,  during 
the  admission  stroke,  to  cause  the  inlet  valve  to  o])en.  The  cylin- 
der contains  only  products  of  combustion,  substantially  at  atmos- 
pheric pressure,  so  long  as  the  exhaust  is  open,  and  consequently 
no  explosion  can  occur. 

The  Variable  Impulse  System.  The  amount  of  work  done 
in  a  given  gas  engine  depends  on  the  strength  of  the  charge,  on 
its  amount,  on  the  timing  of  the  ignition,  and  on  several  other 
factors.  The  engine  can  be  governed  by  the  variation  of  any  one 
of  these,  and  the  three  specifically  mentioned  are  all  in  regular  use 
for  this  purpose. 

If  the  governing  is  effected  by  vurynHj  the  stremjth  of  the 
charge^  the  control  has  to  1x3  such  that  the  mixture  is  always  an 
explosive  one.  With  each  kind  of  gas  used  in  an  engine  there 
are  both  higher  and  lower  limits  to  the  amount  of  air  with  which 
it  may  be  mixed  if  it  is  to  remain  an  explosive  mixture.  If  the 
ratio  of  air  to  gas  should  l)e  outside  these  limits,  the  mixture  sent 
to  the  exhaust  would  be  unburned  and  valuable  mis  would  be  lost, 
(^onseqently,  if  the  engine  goes  above  normal  speed  when  admitting 
the  weakest  explosive  mixture,  the  power  of  the  engine  has  to  be 
further  reduced  by  omitting  the  admission  of  gas  entirely.  In 
Fig.  32  is  shown  a  device  for  governing  in  the  manner  just 
detJcrilied,    The  governor  r/  is  driv(*n  from  the  cam  shaft '^^  through 
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the  bevel  gears  shown  in  section.     Gas  is  admitted  by  raising  the 
end  of  the  lever  on  which  is  a  reel  b  similar  to  <?  in  Fig.  31.     The 
sleeve  a  is  free  to  slide  on  a  feather  on  the  cam  shaft  c.  its  exact 
position  being  controlled   by  the  governor  through  the  bell -crank 
lever  e.     On  the  sleeve  a  is  a  series  of  cams  of  the  same  throw 
but  of   different   circumferential  lengths.     The  duration  of   the 
admission   of  gas   is  varied  by  shifting  the  sleeve  so  as  to  bring 
different  cams  into  engagement  with  h.     In  the  position  shown 
the  engine   is  above   normal   speed,  and  the  sleeve  is  at  extreme 

position  to  the  right  and  no  gas 
is  being  admitted.  As  the  speed 
of  the  engine  falls,  the  sleeve 
travels  to  the  left,  admitting  gas 
for  a  definite  period  for  each 
engine  speed.  With  full  load 
on  the  engine,  the  reel  engages 
with  the  longest  cam  and  the 
strongest  mixture  is  admitted  to 
the  cylinder. 

With  this  method  of  govern- 
ing, the  same  amount  of  the 
mixture  is  always  taken  into 
the  cylinder,  and  consequently 
the  ])res8ure  at  the  end  of  com- 
j)ression  is  always  the  same.  The 
t*x])losion,  however,  becomes 
WfjiktM*  as  tlic  inixturi*  is  '•leaner"  and  requires  a  longer  time  for 
its  (•()in|)lfti()ii.  A  comparison  of  the  areas  of  Figs.  20  and  21 
shows  tlic  I'H'cct  of  a  wt'aktT  mixture  on  the  ])()wer  of  the  engine. 
Jt  is  found  in  practice  tliat  there  is  a  certain  strength  of  the 
explosive  mixtnrt^  which  o;ives  the  most  economical  running  of 
tht^  emnne.  It  is  oi)vious]v  desirable  to  run  the  encjine  with  a 
mixture  of  this  strenirth,  and  that  can  he  done  when  a  hit-and-miss 
irovernor  is  used.  AVhen  it  is  desired  to  have  an  impulse  every 
cycle,  a  constant  strentrth  of  mixture  can  be  maintained  if  the 
power  of  the  em-rine  is  controlled  by  varviuir  the  amount  of  the 
imj'tiin',  taken  in.  An  example  is  shown  in  Figs.  38  and  34  of 
the  actual  mechanism  ustn.!  for  this  purpose.    Gas  from  the  passage 
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G  enters  a  port  in  the  cylindrical  valve  A  and  meetB  air  which 
enters  from  D  tliroufrh  similar  ports.  The  mixtnre  passes  out  of 
the  valve  thronph  a  large  j)ort  near  the  top  and  goes  through  C  to 
{lie  cylinder  when  the  inlet  valve  D  is  oj>en.  The  relative  amounts 
of  gas  and  air  are  regulated  by  the  two  levers  II  II,  which  are 
connected  to  entirely  independent  cylindrical  shells  inside  the 
valve  A  and  which  can  rotate  them  so  as  to  cover  up  more  or  less 
of  the  lengths  and  therefore  of  the  areas  of  the  gas  and  air  ports 
respectively.  With  the  two  levers  in  constant  positions  the 
areas  for  admiseioa  of 
gas  and  air  to  the  cyl- 
indrical valve  A  will  be 
fixed,  and  consequently 
the  strength  of  the  mix- 
ture will  be  constant. 
The  actual  amount  of 
the  mixture  entering  the 
cylinder  is  controlled  by 
the  governor  B,  which 
works  an  internal  cylin- 
drical valve  in  snch  way 
as  to  throttle  the  dis- 
charge port  of  the  \alve 


,  the 


speed  in- 

:;thod    of 
lits  a 


creases. 

Thii 
governing  pe 
perfect  adjnstinent  of 
the  work  done  in  the  cyli 
more  uniform  8{H-e<l  of  the 
described.     The  throttlir 


Flit.  SB,    Mixing  Valve  of  WiMtlnichoiise  Enidiie. 


rider  each  cycle,  and  consequently  gives 
igine  than  any  of  the  methods  so  far 
■r  of  the  mixtnie  iiiijKwes  extra  work  ii|)on 
tbe  engine  during  the  iidmissioii  stroke,  us  the  piston  \mif  to  move 
out  with  a  vacuum  behind  it.  At  the  end  of  tliu  admiFision  the 
pressure  in  the  cylinder  will  Iw  less  and  leas  as  the  load  on  the 
engine  Ins-onies  smaller,  and  consequently  the  pressure  in  the  cyl- 
inder at  the  end  of  com|iression  'm  less  as  the  load  decreases.  With 
decreaoed  compression  the  combustion  of  the  mixture  in  slower. 
This  is  well  shown  in  Fig.  35,  which  gives  a  series  of  indicator 
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cards  taken  at  differeDt  loads  from  an  engine  iiBJng  a  strong  miz- 

tare  and  a  throttling  governor, 

Anotlier  method  of  accompli  eh  ing  the  same  resnlt  is  to  admit 

a  mixture  at  atmospheric  pressure  for  part  of  the  admisBioa  stroke 
only,  the  duration  of  the  admission 
being  detennined  by  the  governor. 
This  inothod  of  governing  gives  an 
indicator  card  Bimilar  to  Fig,  10. 
The  <Ji  iff  re  11  CO  Iwtwccn  an  engine 
governing  in  this  way  and  one  gov- 
erning by  the  throttling  metliod  ts 
siniiliir  to  that  Itetweeri  a  Corliss 
steam  engine  and  a  throttling  steam 
engine,  Tlie  advantage  of  citt-off 
rroverning  is  in  the  decreased  work 
done  by  the  engine  in  drawing  the 
cliarge  into  the  cylinder.  The  use 
of  apartial charge,  whether  obtained 
by  throttling  or  by  cntting-ofF,  per- 
mits the  e.xpansion  of  the  exploded 
mixtnre  to  a  lower  pressure  than  is 
g  ft  fulleliargi 
.sion.     This  i, 


possible  in  an  engine  . 
pressure  at  the  eiicl  of  coHi|ires.si( 
of  obtaining  the  increjiscil  exjiaii 
been  already  pointed  out. 

When   economy  is   not  of 
instance,  in  automoliile  prac- 
tice, the  power  of  tlieeufiitie 
may  be  controlled  by  vi-ijiiuj 

the  :i>.>; at 'if  i.j nit ;.>,..    It 

has  been  shown  already  (I'ig. 
22)  tliat  the  power  of  the  en- 
gine decreases  as  the  lead  of 
the  ignition  Ijecomcs  less.  If 
the  ignition  occurs  after  tbo  be; 
to  be  negative,  and  the  jiower 


in.  (he  : 


11(1  liaving  thu  same 
ic  jiractical  inethoi] 
ntage  of  which  has 


lie  greatest    importance, 


rif,'.  K, 
stroke,  the  lead  is  said 


iigoftb 

ally  decreased.     If  the  lead  is 
increased  (Fig.  23),  there  still  results  a  decrease  of  power.     The 
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control  of  the  power  by  varying  the  ignition  is  always  uneconom- 
ical, but  the  method  is  one  of  extreme  simplicity. 

Starting.  A  gas  engine  will  not  start  itself  in  the  w^ay  a 
steam  engine  does  when  steam  is  turned  on.  It  is  necessary  to 
get  the  engine  in  motion  by  means  of  some  8i)ecial  source  of  power 
before  it  can  take  up  its  normal  cycle  of  ojx*rations.  Generally 
this  special  source  of  power  is  not  adequate  to  get  the  engine 
moving  rapidly  when  it  is  connected  to  any  considerable  load;  it 
is  always  preferable  and  generally  necessary  to  throw  the  load 
completely  off  the  engine  till  it  gets  under  way. 

In  the  normal  running  of  an  engine  the  ignition  of  the  charge 
occurs  before  the  end  of  the  back  stroke,  and  if  the  time  of  ignition 
is   kept  the  same   when   starting  there   is  a  danger,  or  often  the 
certainty,  that  the  high  pressure 
of  the  explosion    acting  on  the 
piston  before  the  crank  has  got 
to  its  dead  center,  will  overcome 
the  inertia  of  the  enmne,  which 
is  small  because  of  its  low  speed, 
and  will  reverse  its  direction  of 
rotation.     If  the  starting  power 

is  small,  the  ignition  has  to  be  pj^  3^ 

retarded  by  some  S|)ecial  device 

so  that  it  will  not  occur  till  after  the  crank  has  passed  its  dead  center 
— that  is,  there  must  l>e  negative  lead.  An  example  of  a  device 
for  retarding  the  ignition  is  given  in  Fig.  Hi).  The  igniter  rod  A 
(com|)are  with  /\  Fig.  2S)  which  is  worked  by  a  crank  on  the  side 
shaft  B,  is  supported  during  normal  running  on  the  reel  C,  which 
is  loose  on  the  fixed  spindle  D.  In  the  ]K)sition  shown  it  is  just 
about  to  trip  the  interrupter  lever  E  on  the  spindle  which  moves 
the  movable  electrode.  When  starting,  the  reel  C  is  slid  along  the 
spindle  D  so  that  the  igniter  rod  A  rests,  as  shown  in  the  dotted  lines, 
directly  on  D,  consequently  the  tripping  occurs  so  much  later. 

There  are  several  general  methods  of  starting  gas  engines.  It 
the  engine  is  small,  notexceeiling  10  II.  P.,  and  can  be  disconnected 
from  its  load,  it  is  common  to  start  it  by  turning  it  over  by  hand 
for  a  few  revolutions  till  an  explosive  mixture  is  admitted  and 
ignite^!.     As  it  is  difficult  to  pull  the  engine  over  when  the  cbargtj 
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is  compressed  for  the  whole  back  stroke,  most  engines  are  provided 
with  an  extra  exhaust  cam  which  is  put  into  action  while  starting, 
and  which  not  only  opens  the  exhaust  valve  during  the  exhaust 
j)eriod  but  also  opens  it  agiiin  during  the  first  part  of  the  com- 
j)ression  period,  so  that  some  of  the  explosive  mixture  is  forced  out 
of  the  cylinder  and  the  amount  of  compression  is  decreased.  Tlie 
explosion  of  this  diminished  charge  after  the  crank  has  passed  the 
dead  point,  starts  the  engine  going,  and  after  operation  under  these 
conditions  for  several  cycles,  the  engine  will  come  up  to  speed  if 
it  is  not  loaded  heavily,  and  the  compression  and  ignition  may 
then  be  changed  back  to  the  normal  running  conditions. 

With  large  engines  it  is  impracticable  to  start  by  hand,  and 
other  devices  have  to  be  used.  One  of  the  most  simple  and  cer- 
tain is  to  start  the  engine  by  the  admission  of  compressed  air, 
which  acts  on  the  piston  just  as  steam  does  in  a  steam  engine. 
Tliis  method  is  es|KKM ally  desirable  in  an  engine  with  several  cylin- 
ders, in  which  case  one  cylinder  is  used  as  a  compressed  air  cylinder 
to  run  the  engine  till  the  other  cylinders  take  up  their  normal  cycle 
of  operations;  and  tlwn  the  compressed  air  is  shut  off  and  the  first 
cylinder  is  put  into  normal  action.  If  the  engine  has  only  one 
cylinder,  it  c^in  be  brought  to  a  good  s])eed  by  the  admission  of 
compressed  air,  and  then,  after  the  compressed  air  is  shut  off,  it 
will  continue  to  revolve  l)y  its  own  inertia  until  an  explosive 
mixture  is  taken  in  and  explodetl. 

An  arranirement  for  start intr  a  multicvlinder  encrine  with 
compressed  air  is  illustrated  in  Vigs.  S  and  87.  A  compressor 
(Fig.  37),  which  is  driven  l)y  a  belt  from  the  engine,  forces  air 
into  a  storaire  tank  and  brincrs  it  to  a  pressure  of  about  160  lb.  In 
case  of  need  the  compressor  can  be  operated  by  hand.  When  the 
engine  is  to  be  started,  the  compressed  air  can  be  admitted  to  one 
of  the  cylinders.  The  cam  H  (Fig.  8)  on  the  uj)j>er  shaft  is  first 
thrown  out  of  action  by  a  spt^cial  dt^vice,  so  that  the  inlet  valve  J 
cannot  open.  The  hand  lever  on  the  outside  of  the  crank  case 
near  the  cam  A  is  thrown  over,  ])utting  the  ordinary  exhaust  cam 
A  out  of  action,  but  brincrina  into  action  a  double  cam  which 
keeps  the  exhaust  valve  E  ojH'n  throughout  every  upstroke  of  the 
enc^'ine.  Another  cam  on  the  same  shaft  is  broui/ht  into  action  at 
the  same  time,  and  operates  a  starting  valve  (not  shown)  on  the 
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]ii|ie  from  the  coinpreased  air  reservoir,  aduiittin^  coiiijiresBtHi  hIi' 
to  tilt!  cylinder  on  every  down  stroke.  The  cylinder  then  nets  us  a 
compressed  air  engine  till  the  explosions  hegiii  in  the  other  cylin- 
ders, when  the  cams  B  and  A  are  brought  back  to  their  normal 
positions  and  the  starting  cylinder  functions  normally.  In  other 
engines  compressed  air  ts  admitted  to  the  cylinder  dnring  the 
expansion  stroke  by  manual  operation  of  a  S[»ecial  valve.  After  two 
or  three  adinissiona  during  successive  cycles,  the  engine  will  attain 
8j)eed  enough  to  permit  the  o](eiiing  of  the  gas  valve  and  the  com- 
uiencementof  the  cycle, 

AVith  engines  up  to 
100  H.P.  a  common 
method  of  starting  is  tu 
ignite  a  charge  which  lias 
l>eeii  drawn  into  the  en- 
gine by  »,urning  it  over  by 
hand.  The  engine  is 
hronght  to  the  beginning 
of  the  expansion  stroke, 
and  a  definite  amount  of 
gasoline  is  put  into  a  cup 
which  connects  with  the 
cylinder  through  a  valve 
which  is  0|)ened.  The 
engine  is  then  pulled  over 
till  tlie  piston  has  made 
half    its    forward    atrok.-.  •"«■  ^-   ■*>' '""'i'"-""- 

air  Wing  drawn  in  and  forming  an  explosive  mixtuic  with  the 
gasoline  whichentcrsat  the  same  time.  The  gasoline  valve  is  then 
closed  and  the  engine  is  turned  quickly  in  the  opposite  direction, 
the  charge  is  compressed  as  much  as  [lOHsible,  and  is  then  ignited. 
The  ignition  is  bronght  alnnit  hy  tri|iping  the  electric  igniter  hy 
hand,  or  by  the  use  of  a  special  detonator,  or  even,  in  soine  cases, 
by  striking  a  match  inside  the  cylinder  by  means  of  a  sjn-cial 


device.  It  is  not  jiossi 
charge  much  by  hand, 
engines  of  moderate  sii 
starting  load. 


ble  with  a  loaded  engim 


npr 


>  the 


o  that  this   method   is  only  applicable  to 
which  can   Ije  discoiinwled   from   their 
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If  the  engine  lias  to  start  under  moderate  loaii,  it  \s  ^ner&lly 
necesaarj'  to  supply  the  engine  with  a  charge  which  has  Wacom- 
pressed  to  a  high  pressure.  This  can  be  accomplished  hr  selling 
the  engine  with  the  crank  about  ten  degrees  past  the  dead  cenicr 
on  tlie  exjiansion  stroke,  and  tlien  pumping  an  explosive  niixtore 
into  the  cylinder  (Fig.  SH)  till  the  piston  I>egin8  to  move.  Attlisl 
instant  the  cliarge  is  ignited,  and  the  work  done  by  the  expansion 
of  the  exploded  charge  will  be  enough  to  start  the  engine  on  iM 
evele  of  operations.     Another  niethoil  of  accomplishing  the  samt 


chiitnlicr  I  >.  "Wii.^ii  lh,>  fiij^iu,-  is  l»-iiig  shut  down,  the  s[.ecija 
iiilft  Viilvf  A  is  lil't<'<l  fi'oiii  ilri  ^•■M.  Ml  tli:il  iit  e;n-li  siiL-tioii  at.-oke 
iiir  is  drawn  lliroiigh  tlie  cliuml.T  ])  l.y  way  of  the  valve  F.  Thi- 
elumilK-r  D.  llie  cyUiuier.  and  tin-  cotu'i.'cting  j.ipe  are  thus  tillwl 
with  Jiuie  air  ut  atnuir^phi-rie  pri'ssurr.  AVln^ri  the  engine  is  to  l>e 
startiil  t)ie  gas  cwk  t'  is  oimz-ilmI  jin.l  gas  lliiw^  l.olh  into  the  cliani- 
Imt  1)  and  into  l)ie  cylinder,  a  cnck  on  lU-  cylin.ler  being  oi>ened. 
A  pilot  light  burns  across  the  opening  aliove  the  valve  F,  end  after  a 


GAS  AND  OIL  ENGINES 


tiliort  time  a  combustible  mixture  of  air  and  gas  iBsues  and  catcliea 
tJTi'.  If  the  cock  0  is  tlien  dosed,  the  flow  of  the  explosive  mix- 
ture stops  and  the  flame  consequently  shoots  back  past  the  valve 
V  and  ignites  the  mixture  in  D,  closing  the  valve  F  against  an  . 
ujUMT  face  by  the  force  of  the  explosion,  Tlie  fljime  proceeds  to 
the  cylinder,  the  contents  of  which  will  have  Ih-imi  fOin])reased  by 
the  explosion  in  D,  and  causes  an  explosion  there.  In  large 
jilants  a  special  starting  engine  is  customary. 

Water  Jacket.  In 
all  the  preceding  sec- 
tional views  of  gas  en 
gine  cylinders  it  «ill  bo 
seen  that  the  cylindtr 
barrel  and  the  cylinder 
ht'ad  have  double  ualls 
and  in  every  case  pro 
vision  is  tiiado  for  the 
active  circulation  of 
water  through  the  space 
U-twtH.'n  the  two  walls 
Vilhout  the  use  of  a 
irn/.t'  J'lrl't,  or  some 
equivalent  device,  the 
engine  would  be  luop 
crative,  because  the  high 
temperature  to  wliiih 
the  cylinder  would  tjo 
raised  by  theex[)lo8iotia  would  not 
and  cause  the  rapid  destruction  of  tli 
mixture  would  be  exploded  before  its  time  by  contact  with  the  hot 
metal.  The  necessity  for  effective  cooling  in  greater  in  the  larger 
engiues;  it  is  often  necessary  to  water-jacket  the  exhaust  valve 
in  large  engines  that  it  may  uot  be  warjH'd  out  of  Hha|Ki  by  tlie 
high  temjKjrature,  and  may  not  be  hot  enough  lo  ignitti  the  enter- 
ing charge.  The  c*ooling  armngement  for  a  balanced  exhaust 
valve  is  shown  in  Fig.  14,  the  water  entering  the  valve  through 
the  tube  J  and  escaping  after  circulating  at  '•,  In  souie  large 
engines  the  pistons  also  are  water- jacketed.     In  very  small  engines 
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il  in  [Ktesililc.  wlieii  llie  eiigirii-  in  jilacc<i  iti  ii  siroiiij  ciirnriii  of  air, 
l(»  re|iltK'f  tlifwatiir  picket  hy  a  systfiii  of  thin  iiiftiil  ril>s  iFig. ■HJi, 
or  poiiilti,  on  the  external  surface  of  t!u'  cylimler.  The  nim-ntuf 
tiir  can  he  ohtuiiicU  either  from  u  fan  driven  hy  tht>  engine.  or,M 
ill  hicyolw  imitora,  hy  thu  inovciiiciit  of  tlio  t^ngine  itself.  AYhn 
llic  enjjine  is  water- jackctcti  it  is  often  jjracticahle  with  &maU  eiipiifs  ^ 
lo  use  the  same  cooling  water  over  and  i>vcr  ajiaiii,  and  there  is  a  dis- 
tinct cconoiiiy  in  so  doiiif^  when  tlie  water  liuist  be  jMiid  for.  TW 
nsiial  armiigciiieni  (Kiir,  41i  connitits  of  a  vertical  galvanizL-d  iruu 
water  tank  of  coiisideraUe 
cajuu-ity  coiinei-ted  at  itf 
hottoiii  to  thelowerpart  of 
-ADMISSION   .,       .      ,     ^        J  ... 

tlie  jacket,  atid  near  ltd  lu|i 

to    the  ii{i[ier  part  of  tW 
jacket.     The  water  in  tW 
jacket  Iwing  h«at«d,  rim 
and  flows  tu  the  upper  part 
EXHAUST  of  thb  tuuk,  where  it  cools 
hy  contact  with  the  air  auJ 
with  tho  sides  of  the  tank. 
Cold   water  from  the  bot- 
tom of  the  tank  flows  to  tix 
cylinder  jacket  to  takeit^ 
|il:ice.     A  contiiiuotis  cir 
'^  cnlation   is  nialiitained  hy 
Willi    iIk'coIiI  and   the  heat^-d  water. 
!■  luiiiiiint  iif  water  innrit  lie  circulated, 
■iiiiil.niud  .ml  ijio  water  id  tal--en  from 
ily   siK-li  HA  iho    ity  mains.      The  piji- 


iii^r,„„|  i-„lv,s  im.  :i!«av»  f.>  : 

ri^ai,,,' 

■<1  ll,at  it  is  j,ossil,]e  to  draw 

t\M  WiLtiT  fruMi  tlu'  j;n-k,>r. 

The  Explosive  Mixture. 

Tl„, 

air  „s<-,l  i,,  tl,„  e, limine  may  Iv 

tiiki'ii  from  llnj  t'liginu  rimiii  o 

■  f,-,.. 

,  tl„,   ..ut.i,!,-.      Ti,o  inru.li  of 

air  1„  tin.  air  ]ii|«  iiml-.-a  a  m 

is„  «■ 

i<-l,  i-i  ofi,.„  (,liii-(,tio„abI«  ill 

11,,.  vm^hm  r„o„i,  liut  »l,i,-l, 

a„   1, 

i.',vaily „,-...l  if  tl,o  air  U 

tali,.,,  f,-,„ii  a  li,rj,w  .■l,n„,l.,-r,  a 

d  i„   1- 

^.  1,,,  \\l„r„  it  is  taki-n  from 

llio  baso  ut  tl,o  <ai.'i,iv. 
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If  the  gas  is  taken  from  the  city  niaiiiB.. the  iDterniittent  action 
of  thft  eDgine  in  adtriitting  gaa  will  cause  considerable  fluctuation 
of  firessiiFe  in  the  supply  pipe,  which  is  not  only  undesirable  In 
tliat  it  makes  variable  the  amount  of  gas  admittol,  but  also  causes 
Hickering  of  any  lights  supplied  fnim  tlie  same  pipe.  To  reduce 
tliis  fluctuation  it  is  usual  to  iusert  in  the  gas  supply  pipe  a  rubber 
hag  (see  Fig.  11),  which  collapses  jwrtlv  during  the  admission 
stroke  and  iills  out  again  during  the  oilier  strokes.      Any  enlarge- 


ment in  the  gas  supply  |)i|M)  will  serve  the  same  ]iur])Ose,  but  tlie 
flexible  ruhlter  luig  is  more  effectivt)  than  a  mere  enlargement. 

Tlie  air  and  gas  should  lie  mixed  as  thoroughly  as  possible  on 
their  way  to  the  cylinder.  Tliis  is  satisfactorily  accomplished  if 
the  air  and  gas  have  to  pass  through  a  common  admission  valve 
after  they  are  mixed,  as  in  I'igs.  H,  10  and  AH.  The  strength  of 
the  mixture  is  adjusted  by  throttling  the  gaa  supply,  the  air  supply 
being  left  uncontrolled. 

The  Exhaust,  if  allowed  to  escape  direct  from  an  exhaust 
])I]>e  of  uniform  cross  section,  is  generally  a  source  of  annoyance 
by  reason  of  the  loud  noise  which  it  makes.     Tliis  noise  is  greatly 


50  GAS  AND  OIL  ENGINES 

reduced  if  the  pipe  discharges  into  an  exhaust  chamber  or  pt  (see 
Fig.  41)  before  going  to  the  air.  The  injection  of  water  into  the 
exhaust  pipe  is  also  useful  in  reducing  the  noise  in  large  engines. 
To  make  the  noise  nearly  imperceptible  a  good  plan  is  to  have  the 
pipe  discharge  near  the  bottom  of  a  pit  filled  with  large  stones. 

Modifications  of  the  Otto  Cycle.     Although  the  gas  engine 
using  the  Otto  cycle  will  give  a  higher  efficiency  than  any  steam 
engine,  it  is  nevertheless  desirable  to  increase  its  efficiency  as  mu<ih 
as   j)ossible.     Its   efficiency  has   been    shown    to  depend  on  the 
amount  of  compression,  and   the  obvious  way  of  increasing  tu« 
efficiency  is   to  decrease  the  clearance  and  thereby  increase  tbe 
compression  pressure.     The  amount  of  compression  that  can  ^ 
used   is   limited  by  two  considerations.     The  first  is  that  it  is  not 
commercially   practicable  to  construct  engines   which  will  vorK 
propt^rly  under  very  high  pressures  rapidly  imjx)sed  by  explosions. 
With  an  engine  compressing  the  charge  to  100  lb.  pressure  an<l 
iisitio;  a  strong  explosive  mixture,  the  pressure  in  the  cylinder  rises 
suddenly  to  about  350  lb.,  and  this  is  at  present  about  the  practi- 
cal )le  limit.     If  the  explosive  mixture  is  weak,  the  compression 
may  be  increased;  with  very  weak  mixtures  a  compression  to  2W 
11).  is  sometimes  used,  and  results  in  a  maximum  pressure  of  alx)Ut 
300  11). 

Tlie  st^eoiul  objec'lioii   to  the  use  of  high  compression  is  that 
the    rise   in  tt'niperiitiire   of  the  mixture  resulting  from  the  com- 
prcssioii   iiuiy  easily  ht   suflieieiit  to  explode  the  mixture  before 
tln'  ])ist()n  has  reached  the  end  of  its  stroke.     Such  pre-ignition  of 
llie  charjr^'   tendiiijjr  to  force  the  ])iston  l)ack,  o-ives  rise  to  a  great 
sliofk   and    is  very  destructive  to  the  entrine,  besides  reducinir  it^^ 
etlicicncy,  and  is  conseciuently  to  be  avoided.     Pre-itrnition  may 
occur  even   with   low  eoni])ressi()n  if  any  part  of  the  clearance  is 
not  watt'r- jacketed,  or  if  there  is  any  metallic  projection  into  the 
clearance  s])ace.     Such  un  jacketed  parts,  or  projections,  not  bein* 
properly  cooled,   are   liable   to   be  raised  to  a    tenij)eniture    high 
enoutxh  to  cause  the   itrnition  of  the   charm*.     This   often   forces 
water-jacketing  of  the  exhaust  valvi^  and  of  the  piston  in  engines 
of  laro-e  size. 

Another  method  of  increasing  the   efficiency   is   by  what  is 
known  as  sravritfjliHj  the  eylindtM*.     In  the  ordinary  Otto  cycle  the 
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charge  which  13  compressed  consists  of  a  mixture  of  fresh  air  and 
gas  with  the  burned  gaseg  remaining  in  the  clearance  space  from 
the  previous  cycle.  If  these  burned  gases  are  expelled  from  the 
cylinder  by  a  charge  of  fresh  air  before  the  admission  of  the  explo- 
sive charge,  the  force  of  the  explosion  and  the  etiiciency  are 
increased.  The  clearing  out  or  scavenging  of  the  cylinder  with 
fresh  air  has  been  accomplished  in  several  ways.  The  simplest 
method  is  by  the  use  of  an  exhaust  pipe  of  such  length  that  the 
gases  exhausting  from  the  cycle  with  great  velocity  create  a  vacuum 
in  the  cylinder  near  the  end  of  the  exhaust  stroke.  This  vacuum 
causes  the  automatic  air  admission  valve  to  open  and  the  conse- 
quent rush  of  air  from  the  air  valve  to  the  exhaust  port  flushes  out 
the  cylinder,  especially  if  the  air  and  exhaust  valves  are  on  opposite 
sides  of  the  clearance  space.  Occasional  scavenging  is  obtained  in 
engines  governing  on  the  hit-and-miss  principle,  each  idle  cycle 
flusliing  out  the  cylinder  with  the  result  that  the  succeeding  explo- 
sion is  of  greater  force  than  the  normal  explosion. 

It  has  been  pointed  out  already  that  the  pressure  at  the  end 
of  the  expansion  in  the  Otto  cycle  is  high,  and  that  the  efficiency 
of  the  cycle  can  be  increased  considerably  if  the  gas  is  expanded 
more  completely.  Ordinary  steam  engine  practice  suggests  that 
the  more  complete  expansion  can  be  obtained  by  compoiituJltnj^ 
but  attempts  so  far  to  make  a  satisfactory  compound  gas  engine 
have  not  proved  very  successful.  The  practical  method  of  obtain- 
ing more  complete  expansion  is  to  take  into  the  cylinder  a  dimin- 
ished charge.  The  two  methods  of  accomplishing  this  have  been 
discussed  already.  The  only  fundamental  difference  between 
engines  using  these  two  methods  is  that  in  one  case  the  governor 
controls  the  amount  of  the  oj)ening  of  the  admission  valve,  while 
in  the  other  case  it  determines  the  instant  at  which  the  admission 
valve  shall  close. 

One  of  the  main  objections  urged  against  the  Otto  cycle  is 
that  it  recjuires  two  revolutions  of  the  engine  for  its  completion, 
so  that  the  expansion  or  motive  stroke  comes  but  once  in  four 
strokes.  There  results  from  this  a  very  irregular  driving  effort, 
making  large  fly  wheels  necessary  if  the  main  shaft  is  to  rotate 
niiiformlv,  or  else  renuirinjj  the  use  of  several  encjines  workincj  on 
the  same  shaft.     The  motive  efforts  can  be  made  twice  as  frequent 
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if  tilt)  cylinder  is  double  acting,  with  admissions  ami  exploEioiu 
ot-i-nrring  on  lH>th  sides  of  tbe  piston.  JLiiiv  large  engines  are  doit 
iieiiig  made  doiihle  acting,  but  tbe  practical  troubles  in  keepiDif 
tbe  piston,  pistoD  rod,  cylinder  and  stnfting  liux  cocil  eiiougHi"' 
satififiiotory  working  bave  prevented  tbe  use  of  dtmWe-actiiii! 
cylinders  in  engines  oF  siimll  size. 

All  iiicri-ased  frwjiiencT  of 

the  expansion  or  motive  stroke 

can   tte  olrtained  by  a  sli}.'"' 

m.Mliticationof  tbeftttufVflf 

wliidi  results  in  the  eyi-le  ^■ 

ing  ciimpjeled  in  two  slriiti^- 

iind  which  is  curtsequi-inlv 

called  .tlie  f,>;...:j.-h-  nielW- 

Kngiiic!'   lilting  the  tvm-i'Ti'l"' 

method  give  an  impiilweVi-n' 

revtdntion.  and  conseiiiifiil'j' 

iiut  only  give    greater  n"'- 

fcM-mity  of  speed  of  r.itRlio" 

of  the  crank  shaft,  but  al^^" 

develop  nearly  twiw  as  mm'' 

f.nn-.r,,.-!.  or  Oil" 

ycle  engines  i)f  the   win"' 

size.     .Moreover,  tbey  are  Of"- 

enilly  of    great    simplicity. 

liiivLiig  fewer  valves  than  tlu- 

f.iur-evclc   engines.      An    e\- 

iimplc'is  shown    in   Hgs.  4'^ 

ruid   t:!  of  a  two-evele  engine 

of  sn.uU  size;   Fig.    A'Z    \i  u 

\crtic.a!  seclioii   showing  tin- 

r.  and    Fig.  4:t  is  a  vertical  se<- 

tlif  prcvions  sin-tiorj  plane   ami 

ts  stroke.      .\s  the  trniik  piston 

ales  a  jmrtinl  vHcliniii    Ih'Iow   it 

ber  (',  and  <lni\vs  in  ihe  e.\ph)sive  eliarg.- 

■rnvnrd  stroke  lb,'  cb;irge  1h-Iow  the  pisl.m 

crank    chrLnilH-r  C. 
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scd  cliarffu  tu  oiittT  thu  fjlinder  G 


^^,.     ailuiisiiioii    tlircnjyli  B  l<t;iii^  controlli^l  liy  an  iiiitoiiiatic  valvn 
aU**^^'  closes    \i!u'ii   tlio  prcssiirt!   in  (^  excwKls   tlie   attnospburit^ 
,,rvi*suie.     "Wlu'ii  tlie  piston  reiu-lics  tlie  lower  end  of  its  Ktroke,  it 
uiic-overs   llic    fxlianst  jwrt   K  and  at  the  same  time  brings  tbe 
5ii\iiii*sii»ii    ]M>rt    1)   in  llio  pistmi   opposite  the   hy-pass  ojxsiiing 
V^  K  K.»tii\  |«Tiiiils  tbc  t-nnipr.' 
iViTuti'^li  thi-  antoiiiiilic  iidiiiissioii 
viiKi'_;'jis  iHMUi  jis  ibt'  pivwsurn  in 
ll»-  <-vli:i.l,T  falls  l.,-!ow  lliiil  oF  tlm 
n.mpr,-..-^-.i   t-barjio.      Tlie  r.-lnn. 
ut  till-  |a:'ion  sliiilH  olF  llic  adniis- 
^"m  lhr.niyb   E  anil  tbe  fxlianwt 
llinniiili  K   and    conipresst-a    the 
iniarj;e  iiilii  tbe    cieamnce  sjiafe. 
Tiicdjarc.'eis  then  exjiioded  (Eig. 
■'■li  ami  the  piston  iimkt-s  its  down 
w  motive  stroke.     Xear  tlie  end 
"ftlif  down  stroke,  after  tbe  open- 
'iJJ'ifthe  exbaiirtt    |Kjrt    K,    tbe 
^'iiiis^^ion  of  tbei'liarije  at  tbe  top 
"f  l)ienlind,-r  sweeps  the  burned 
f.'i'.'raoiit,  tbee()Tii|ilfte  esvajie  Iw- 
'"},' facilitated  by  the  oblique  fonu 
(%.-t-Jl  of  the  top  of  the  ]ii.ston. 
nieeiJ«:in.-  is  so  deif iyned  that  tbe 
Jiisum  oji  its  rt-turii  stroke  eovenj 
tijc  exhaust  jKirt  K  just  in  time 
lo  prevent  the  eseajte  of  any  of  tlie 
i-ineriiifi  eharife.     The  processes 
de-iiTiUil   alK)ve   and    below   tbe 
piston  are  simultaneous,  tbe  upstroke  l)einff  a(;«oni|>Jinied  hy  the 
admission  lielow  tbe  piston  and  eompression  alK»ve  it,  while  the 
tbiwii  stroke  bad  exjiansioii  alHive  the  piston  and  a  sliij;lit  eoni|)rfs- 
sion  lielow  it.     Tlie  very  short  interval  of  time  l)etween  the  begin- 
ning of  the  exhaust  and  the  admissioa  of  the  new  charife  (whioh 
enters  as   soon  as  the  pressure  in  the  cylinder  has  fallen  enough 
to  [lerniit  the  admission  valve  to  o|)en),  makes  premature  ignition 
of  the  charge,  or  buck  Jiriny,  of  not  infrequent  occurrence.     If 
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e  niixliirv  is  wvak.  or  thv   sjieed   is  very  liigb,  so  tliat  tlie  ^■lla^j^' 
still  Imniini;  when  tlie  fxhaiist  opens,  or  if  the  fniiiieun  of  iIk- 
jilut'iuns  hrint;  aiiy  part  of  the  cvlinder  to  a  red  heat,  tie  (.'li«r).f 
ill  t>e  iiiniicd  on  entering,  and    the  explosion  then  travels  back 
nniirh  E  E  E  to  the  crank  case,  whic-h  has  to  be  made  struns 
itinirh  m  resiiit  it.     In  larjie  eiiirines  the  cliarfje  is  coiiipresswi  I'J 
a    separate   pump  P'' 
not  in    the   crank  i**' 
A  inuditicatioD  of  '"'' 
engine  makes  the  W"- 
etmelion     even    mff 
sini|.le.  so  tliat  llie  on')' 
valve  on  the  en^me  " 
the  antomatic  ralvt^aii- 
initting  the  chari:«  '" 
the  crank  case.    Iuthi= 
engine  iFig.   44)  th'^' 
series  of    ojwratioiis  i^ 
precisely  siniiUr  to  tha* 
just  de^icrihed.     The 
only  differeiioe  isiiitlie 
liy-pat-s    connect  ion  K 
which   lias  no  valve  If- 
tsveen   it    and    the    ol- 
inder.      The   exhaust  i? 
made  to    ojien    a    Utile 
earlier  tlian    the  adrni:'- 
^Htii.  EO  as  toniiikesurt- 
that  the   i)re«snre  in  llii- 
cylinder     shall     have 
fallen    Mow    the    jm-s- 
vheu  the  admission    |K>r1 
lie  e^llan^C  and  admission   [lorls  ivere 
lie  just  de>crilied,  soTne  of  the  exiianst 
ihrongh  E  to  the  crank  case,  igniliiiir 
'11  is  so  shajxil  that  llie  enteriii«  charge 
eylinder.  foreinj^  out  llie  hnrtitHl  pises 
escajie  tlirongh  the  exhaust  jKirt. 


I'd  . 


in  the 


1  foi 


e  charge  there.  The  j.isi 
directed  to  the  toj.  of  tlu 
fore  any  of  the  charge  ca 
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The  fact  that  the  exhaust  port  is  open  while  admission  is 
taking  place  makes  it  always  possible  in  a  two-cycle  engine  that 
some  of  the  charge  may  be  lost  through  the  exhaust.  If  the  ex- 
haust closes  early,  so  as  to  diminish  the  probability  of  such  loss, 
it  will  cause  the  retention  in  the  cylinder  of  an  unnecessarily  large 
volume  of  burned  gases,  with  consequent  decrease  in  power  and 
efficiency.  The  two-cycle  engine  may  then  be  regarded  as  a  modifi- 
cation valuable  from  the  point  of  view  of  the  more  uniform  turn- 
ing movement,  compactness  and  simplicity,  but  it  is  always  likely 
to  be  inferior  in  efficiency.  In  some  large  engines  the  air  and  the 
gas  are  compressed  separately;  air  alone  is  admitted  at  first,  ex- 
pelling the  exhaust  gases,  and  then  the  gas  valve  opens,  admitting 
gas  with  the  air.  In  this  way  the  cylinder  can  be  thoroughly 
scavenged  and  the  exhaust  be  closed  before  any  of  the  explosive 
charge  reaches  it. 

Qas  Engine  Fuels.  The  fuels  used  in  gas  engines  are  very 
variable  in  origin,  in  composition,  and  in  heat  value.  They  con- 
sist almost  entirely  of  various  compounds  of  the  chemical  elements 
of  carbon,  hydrogen  and  oxygen,  diluted  with  more  or  less  nitro- 
gen. In  those  regions  where  natural  (jaa  occurs,  that  fuel  is  used 
almost  exclusively  in  the  gas  engine;  but  in  most  regions  the  gas 
has  to  be  made  either  from  solid  or  from  liquid  fuels.  The  use 
of  liquid  fuels  will  be  considered  later  in  connection  with  the  dis- 
cussion of  the  oil  engine.  In  most  towns  of  moderate  size  there  is 
available  ^7/ ^//m//^^////^/  (jhh  made  from  coal.  The  illuminating  gas 
is  made  by  one  of  two  processes  giving  either  v<Htl  yas  or  'water  gas. 

Coal  Qas  is  made  by  heating  the  coal  in  a  retort  away  from 
contact  with  the  air,  so  that  no  combustion  takes  place.  The 
hydrocarbon  gases  in  the  coal  are  driven  off  by  the  heat,  and  after 
undergoing  various  purifying  processes,  are  collected  in  a  holder. 
The  non -volatile  ])art  of  the  coal  remains  as  coke.  The  gas  con- 
sists mainly  of  hydrocarbons  and  has  a  high  heating  value. 

Water  Qas  is  made  from  a  non-gaseous  fuel  such  as  anthra- 
cite coal  or  coke,  by  an  intermittent  process.  Air  is  blown  through 
a  bed  of  coal  several  feet  thick  until  the  coal  is  incandescent,  the 
products  of  combustion  being  permitted  to  escape.  Then  a  jet  of 
steam  is  blown  through  the  incandescent  fuel,  and  is  thereby 
broken  up  into  its  constituent  elements — hydrogen  and  oxygen. 
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The  oxygen  combines  with  the  carbon  of  the  fnel  to  form  carbon 
monoxide,  (X);  the  hydrogen  goes  off  unchanged.  The  passaije of 
the  steam  quickly  cools  the  coal,  and  air  has  to  l)e*  blown  tlirou|ili 
again.  The  only  gas  collected  is  that  generated  during  the  steam 
l)low;  it  consists  ])rincipally  of  hydrogen  and  carbon  monoxide, 
and  has  a  much  lower  luxating  value  ]K*r  cul»ic  foot  than  coal  piN 
The  whole  of  the  coal  is  consumed  in  this  ])rocess. 

Hoth  coal  gjis  and  water  gas  are  excellent  fuels  for  use  iu  a 
gas  engine,  bnt  as  they  have  goiu^  throngh  certain  procesi^es  for 
cleansintr  them  and  increasinir  their  illuminatincx  iM)wer,  ^vlliell 
increase  the  cost  of  the  gas  but  do  not  add  materially  to  its  value 
for  (ras  engine  use,  and  since  also  the  cost  to  the  consumer  is  eou- 
siderably  greater  than  the  cost  of  production,  they  are  not 
economical  fuels.  Such  fuels  should  be  used  only  when  the 
i'ligine  is  very  small  or  its  operation  very  infrequent. 

For  engines  of  50  II. P.  or  over,  which  are  in    regular  opni- 
tioii,  it    is   practically  always    more   economical   to  generate  the 
gas  in  a  sj)ecial  [fa><  jn'oducer  than   to   use   illuminating  gas.    I^^ 
the  gas  producer  either  air  alone,  or  generally  both  air  and  steam, 
are  sent  through  a  thick  bed  of  coal.     The  oxygen   of   the  air  on 
first  striking  the  zone  of  the  incandescent  coal  combines  with  tjif 
carbon  to  form  carbon  dioxide,  CO,,  but  this  on    passing  through 
the  l)nrnint{  coal  above,  is  reduced  to  carbon  monoxide,  CO,  which 
escapes  with   the  hydrogen  and  carbon   monoxide  resulting  from 
the  action  of  the  steam  on   n*d   hot  coal,  and   with  the   nitroijen 
wliicli  came  in  with  the  air.     The  resulting  gjis  therefore  consists 
almost  entirely  of  carbon  monoxide,  hydroijen  and  nitrogen.     The 
lai'ge  amount  of  nitrogen  in  the   air   (^Tl>   volumes   in    lOO)   makes 
tht^  ])ro(luct*r  gas  contain  fifty  ])er  cent  or  more   of  that   inert  gas, 
and  conse(juently  gives  it  a  low  heat  value. 

A  good  examj)le  of  a  gas  jnoducer  is  shown  in  Fig.  4o  under 
workitig  conditions.  Tlu^  IhmI  of  coal,  seV(M-al  feet  thick,  rests  on 
a  IhmI  of  a^hes  of  a])OUt  ccjual  tliickm^ss,  tlie  ashes  being  supj»orte<l 
on  a  solid  circular  table  (f.  The  l)last  ]>ipc  ft  terminates  near  tin- 
top  of  the  bed  of  a.-^hes,  the  blast  being  discharged  radially  so  as 
not  to  concentrate  the  combustion.  The  blast  is  generally  pro- 
(liu'ed  by  a  steam  jet  blower,  but  sometitnes  a  fan  blower  is  used. 
In  the  latter  case  steam  is  mixed  with   the  air  in  the  blast  ])ip»'  so 
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HS  to  ke«|»  down  tin-  tempts  mum-  of  the  [iroiUiwr  uinl  to  $i»fteii  any 
cliiiliHra  that  form.  Fresh  oohI  is  siipplifl  liy  a  cuiitinnoiis  aiito- 
luatic  ftvdiDg  dfvicf  on  top  of  tlie  proiliuvr,  which  sjur-ads  the 
(.■iial  in  a  uniform  hiyer  over  the  upjKT  snrf.uv.  In  iiiuiiv  proiliicers 
iho  i-oal  is  nit-relv  dum|M^^I  In  frotn  alntve  at  iiilervaU,  ami  hn^  to 
tie  ppix-ad  by  h»iid,  Tho 
intermittent  chariiin;^ 
has  the  disad vantai^e 
that  it  taaws  consider- 
ahlu  vRriatiun  in  the 
(.■oiiditiuii  of  the  lin\  aiul 
eonsoipieiitly  ill  Iheeoiii- 
]iosit!oii  of  the  jras  (ji-iu-r- 
alc<l.  Tim  beii  of  aslies 
ia  iriaiiitaincd  of  the  de- 
sired depth  and  the  siir- 
iiliig  asiies  reiiKivtHl  l>v 
rotating  tho  grate  "  hy 
means  of  jjears  workeil 
throiiyli  theerank  r.  .U 
ihtt  grate  is  plaeed  at 
some  distam-i-  U-low  the 
oonical  tasini;  or  A"«/i, 
the  ash  discharfres  uni- 
formly around  its  |MTi- 
phery  when  it  i;*  re- 
volved. This  cause;*  h 
imifonii  setiiiiii^  of  tlie 
iH-d  of  asli.  and  also  lets 
the  l>ed  of  fuel  K-tlle  so 
as  to  close  np  any  chan- 
nels in  it  which  hav« 
l)een  formed  by  the  blast. 

Tlie  scrapers  </,  projecting  a  short  distance  into  the  asli  IhiI,  hel|) 
the  discharge  of  ash  from  the  grate.  The  depth  of  the  l>ed  of 
ashes  ensures  ttiiit  the  ash  is  completely  hurmil  and  cooled  Itefore 
it  is  finally  discharged. 


Fig.  a.    TayluT  <Jas  I'rudutx-r 
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Producer  Plants  ure  of  two  kinds,  accoroiti^  as  tlie  flownt 
air  t)in)ii<!h  the  producer  is  caused  by  air  being  forced  in  froiii 
Delow  or  by  a  |)artial  vacuum  being  created  above  tlie  fuel.  The 
former  is  called  &prenniire  plinit,  tbe  latter  a  sii'-timt  jilant. 

The  general  arrangement  of  tbe  jnvs»are  tyjH'  of  producer  p& 
plant  ifi  shown  in  Fig,  4(1,  in  which  the  arrows  indicate  the  dini-- 
tiiin  of  lliiw  of  tho  gaa.  A  aniall  boiler  supplies  steam  to  the 
blower.  Tlic  gHS  fHcajR'S  from  the  producer  at  a  high  temperatnre 
and  giH'S  to  an  economizer,  where  it  gives  up  much  of  its  hnit 
either  to  frerth  air,  which  is  about  to  be  forced  tlirough  the  pro- 
diicor.  or  else  to  water,  the  vajwr  from  wliich  mixes  with  the  uir. 
The  gas  then  passes  to  the  scriibl>er,  where  it  meets  u  spray  of  colil 
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wal.T.  uliich  li.rili,-r  vc.ols  il  iiriil  luk.-^*  from  it  dust  tin<I  .-;oli.| 
impurily.  iifl.-r  «lii''li  il  g.«s  t..  tlie  ].unlier  for  tho  fxtractinn  by 
I'li.'iuica'l  jin.i-1'r-s  of  ci-rtain  uiid.-sinU.le  coMi[K)n.'nt8  and  for  ih.- 
,Mtii|.h-lioii  of  llie  (vm.n-al  of  sc.lids,  and  tJn^nco  to  tlif  gas  Imld.-r. 
Ifarithi-iK-iU-  coal  or  ci.ke  aiv  iiJ^ed,  very  little  chemical  puriticatioii 
is  necf-isHrv-,  if  bitumiiioUB  coal  is  bt-ing  Inirned,  the  clciining  is 
snincwhiit  more  comiilieiitc'l.  iit:  tlie  tar  and  olbcr  tronblc:;i>me 
siibslanc.-a  in  the  gas  Jiave  to  1h'  extractctl  before  it  can  be  used. 

Tbe  siiri'ioii  t'ii><'  of  gaa  jiroihicer  plant  can  Ih-  used  only  when 
the  oiH'ration  of  the  engine  is  conlinuuiiH  for  long  jn-riods.  It  has 
considenible  udvaiitagi'  over  the  pressure  lyjw  in  ewmpactiiess,  but 
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is  ratlier  troiiblesotim  to  start.  The  flow  of  air  and  vapor  through 
tilt:  fuel  in  the  producer  or  generator  (Fig.  47)  is  dependent  on  the 
siK-king  action  of  the  engine  each  time  it  takes  in  a  charge,  so  that 
no  boih-r  ia  needed  to  produce  the  blast.  The  volume  of  gas  gen- 
eratt^d  is  always  equal  to  the  amount  that  the  engine  uses,  so  that 
no  gas  holder  is  required  between  the  producer  and  the  engine,  its 
place  Iwing  taken  by  a  sumll  gas  tank.  To  start  the  producer 
working,  a  small  hand  or  belt-driven  blower  is  used,  and  the  prwi- 
ucts  of  combustion  are  sent  past  a  by-pass  valve  directly  to  the 
atmosphere  until  the  escaping  gas  will  burn  steadily.  The  by-pass 
valve  is  then  closed,  and  the  gas  is  forc*ed  through  the  scnibljer 


Fig,  n.    Produi 


and  ]iuritier  into  the  gas  tank  and  the  whole  apjmratna  is  filled 
with  giiB.  When  good  gas  appears  at  a  test  cock  uear  the  engine, 
the  engine  ia  put  in  ofteration  and  the  blower  is  stopped,  its  fitnc- 
tion  being  performed  thereafter  by  the  engine.  The  liot  gases 
escaping  from  the  generator  go  first  through  an  economizer  or 
vaporizer  (not  shown  in  Fig.  47),  and  the  steam  formcHl  there  is 
conducted  to  the  under  side  of  the  grate  of  the  producer  and  is 
sucked  through  with  the  air. 

Owing  to  the  resistance  offered   by  the  fuel,  scrubber,  and 
other  parts  of  the  plant  to  the  passage  of  the  gas,  its  pressure  on 
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reachin<^  the  engine  is  considerably  Ir^Iow  the  atmospheric  pressurt'. 
This  causes  a  decrease  in  the  weicrht   of    the  chartre  taken  to  the 
engine,  and  so   makes    tlie  j)Ower  of    the  engine  less  than  when 
pressure  gas  is  used.     In  order  to  get  the  high  compression  which 
is  necessary  to  ensure  ignition  with  a  weak  gas  supplied  at  a  h)W 
jHVssure,  the  clearance  in  the  engine  using  suction  gas  is  smaller 
than  in  other  enirim^s  usintr  the  same  cycle.      It  is  not  safe  to  usi* 
such  an  engine  with  illuminating  gas,  as  the   ])ressures  rcsiillin«: 
from  explosion  would  he  excessive.     When  in    some  cases  illumi- 
nating gas  is  used  to  start  the  engine,  a  s]K*cial  device  is  iise<l  to 
exhaust  sonu^.  of  the  charge  during  the  compression  jieriod,  and  ?o 
to  reduce  the  compression  })ressure. 

An  efficient  j)roducer  of  either  the   pressure   or  suction  ty|*^* 
will  waste  not  more  than  lifteen  to  twenty  ])er  cent,  of  the  lieat  oi 
v'ombustion  of  the  coal  in  converting  it  into  gas — that  is,  the  g»^ 
on  burning  will  give  up  eighty  to  eighty-tive  j)er  cent,  of  the  lt*«t 
of  combustion  of  the  coal.      Its  efficiency  exceeds  that  of  a  steam 
boiler.     If   the   gas  ])ro(luced  is  a    weiik  one,    it    is  jjrmlueed  i" 
greater   volume,  and    it  has  to    be  mixed  with    a   much  smalWr 
volume  of  air  than  is  riMjuired  for  illuminating  gas.      For  examjili'* 
ordinary  coal  gas  must  have  at  least  six  jnirts  of  air  tr  one  of  fP^^* 
\vhen*as  ])r(Hhicer   gas  recpiires   a   minimum    of    about   one-aml-i^- 
quartiT  pai'ls  of  air  to  one  of  gas. 

Till'  lit'at  libcratfil  bv  the  combustion  of  a  cubic  foot  of  eai'h 
of  the  trascs  <iiscussi'(l  is  us  follows: 

i 

N<ilunil  oas DIM)       UHH)  l^.T.r. 

( 'oal  <ras 1)50  -     TOO        -* 

Wnter  oas Mi) 

l*r(Klucer  tras 120         150 

The  jiowcr  which  can  Ik*  (h'velojjed  in  an  engine  does  not 
(leiHMid  u|)()n  the  heat  of  combustion  of  a  cubic  foot  of  the  fuel 
but  on  the  heat  of  combustion  of  a  cubic  foot  of  the  t^xplosive 
mixture.  The  dili'erence  in  the  amounts  of  air  necessary  for  com- 
bustion  with  the  different  gases  makes  the  heats  of  combustion 
per  cubic  foot  of  the  explosive  mixture  much  more  nearly  equal 
than  the  h  -ats  of  combustion  ptM*  cubic  foot  of  the  fuel.  Thus, 
when  mixed  with  just  sufficient  air  for  complete  combustion,  nat- 
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llio  HditiisRioii   throiij^h  B  \n.'\\i^ 

which   cloBes  wlit'ii   the  preK^iii 

|ireR8ure.     When  the  piston  n** 

uncovers  the  i-xhrnist  ])ort   K 

HflitiiHsion    pert   1>   in   the   |iisl 

K  K  K.  iiii<l  ]K-riiiilH  till'  i'oni[irr,-^scd  t-har^e  to 

l)iroiio;h   llid  antiiniiitie  mliiiisi^ion 

valve?' HK  WKin  as  llie  ]iresMiii-c  in 

the  cvlinder  Talk  lielow  that  of  iho 


untrolled  by  an  automatic  valve 
in  C  e.\cw(ds    tlie   atmosplionc 

es  the  lower  end  of  its  titnike,  it 

id  at  the  same  time  brings  the 

posite    the    hy-JiasB   (i[)eniiig 

lt  tlie  cylinder  G 


npiVM 


ed  chii 


arfic. 


The 


of  the  piston  shuts  off  the  admi.s- 
f^iiin  through  K  and  the  exliaiit^t 
tlininj^h  K  and  conipresses  tlie 
charge  into  the  ch'acance  B|ia('('. 
Hie  charge  is  then  exphKle<l  ( Fig. 
4;i)  and  thepislon  makes  its  <h)«)i 
or  motive  stroke.  Near  the  end 
of  tlie  down  stroke,  after  the  ojM-n- 
iiig  of  the  exhaust  jwrt  K,  the 
admission  of  the  charge  at  the  tup 
of  tlie  cylinder  sweeps  the  Imnied 
gases  ont,  tliecoirijdete  esciijie  be- 
ing facilitated  by  llu'iildiiineform 
(Fig.+::i)  of  tlie  top  of  the  jiiston. 
Tlie  engine  is  so  designed  thiit  the 
piston  on  ita  return  stroke  covers 
the  exhaust  port  K  just  in  time 
lo  ]>revent  the  escajie  of  any  of  the 
entering  charge.  The  priK-esses 
descriluHl  aliove  and  below  the 
piston  am  aininltaneous,  the  upstroke  being  accompanied  liy  the 
admission  l^elow  the  jiiston  and  compresi 
down  stroke  lias  exjiunsion  al>ove  the  [listo 

wion  l>elow  it.  The  very  short  interval  of  time  between  tlie  liegiii- 
riing  of  the  exhaust  and  the  admission  of  the  new  charge  (which 
enters  as  soon  as  the  pressure  in  the  cylinder  lias  fallen  enough 
lo  ]>erinit  the  admission  viilve  to  ojieiil,  makes  premature  ignition 
of  the  charge,  or  J((ci  jfi''""J,  of  not  infrequent  occurrence.      If 
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trouble  may  be  with  the  electrodes,  either  by  their  having  l)ecoine 
fouled  or  wet,  or,  in  the  inake-and -break  system,  by  a  gumming  of 
the  spindle  of  the  moving  electrode  which  makes  it  sticky  and 
slow  in  action.  The  igniter  plug  should  be  withdrawn  and  the 
electrodes  examined.  The  whole  igniter  circuit  should  be  exam- 
ined for  short  circuits. 

If  the  trouble  is  not  with  the  igniter  it  may  be  caused  by 
leakage  of  the  charge.     To  test  this,  the  engine,  if  not  too  large, 
is   pulled  over  by  hand.     The  resistance  to  turning  on  the  com- 
])res8ion  stroke  should  be  very  considerable.     If  the  resistance  is 
not  very  great,  or  decreases,  the  compressed  charge  is  escaping. 
The  leakage  may  be  either  past  the  piston,  the  igniter  plug  or  the 
valves.     If  the  leakage  is  past  the  piston,  it  is  either  due  to  tlie 
wearing  of  the  cylinder  or  to  the  sticking  of  the  piston  rings. 
The  latter  is  very  liable  to  occur  after  a  while,  especially  if  the 
cylinder  has  been  permitted  to  get  very  hot,  and  can  be  remedied 
]>y  taking  the  piston  out  and  loosening  and  cleaning  the  rings  with 
kerosene.     A  leakage  past  the  valves  is  due  either  to  gumming  of 
the  valves  or  to  other  deposit  which  keeps  the  valve  off  its  seat,  to 
wearing  of  the  valve,  or  to  sticking  of  the  valve  stem  in  its  guide 
as  a  result  of  imperfect  lubrication.     The  gumming  and  wear  of 
the  exhaust  valve   is  the  most  common  of  the  causes  of  leakaw 
and  may  be  remedied  by  grinding  the  valve  on  its  seat  with  Hour 
of  emery  and  oil. 

The  presenee  of  water  in  the  cylinder,  which  has  leaked  in 
from  the  jacket  through  imperfect  joints,  sometimes  causes  tlie 
electrodes  to  become  wet  and  prevents  the  engine  starting.  In 
some  engines  the  possibility  of  this  particular  trouble  is  avoide<l 
by  a  special  design  of  the  jacket  which  has  no  joints  communi- 
catinrr  with  the  inside  of  the  cylinder. 

The  cylinder  oil  that  is  used  in  steam  engines  cannot  be  used 
in  gas  engines,  as  it  carbonizes  at  the  high  temperature  of  the 
explosion,  and  forms  a  dej)osit  in  the  cylinder  and  on  the  exhaust 
valve.  A  much  lighter  oil  is  used,  and  even  this  if  supplieii  in 
excess  causes  a  gradual  accumulation  of  hard  deposit  in  the  cylin- 
der which  must  be  cleared  out  occasionally.  Apart  from  its  inter- 
ference with  the  action  of  the  igniter  and  exhaust  valve,  it  is 
lial)]e  to  cause  premature  ignition  by  being  raised  to  incandescence. 
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Cold  water  must  be  kept  circulating  through  the  jackets 
whenever  the  engine  is  running,  being  started  as  soon  as  the  cylin- 
der warms  up.  A  stoppage  of  this  flow,  even  for  a  comparatively 
short  time,  is  liable  to  have  a  disastrous  effect  upon  the  cylinder. 
A  gradual  accumulation  of  sediment  may  occur  in  the  water  jacket, 
with  a  consequent  reduction  in  its  etiiciency.  On  shutting  down, 
it  is  always  better  to  drain  the  jacket,  which  not  only  prevents  the 
j)Ossibility  of  its  freezing  up  in  w  inter,  but  also  tends  to  clear  it  of 
deposit  of  sediment.  Generally,  however,  the  jackets  are  drained 
only  in  cold  weather. 

In  the  running  of  a  gas  engine — especially  under  light  loads — 
very  loud  and  alarming  explosions  are  sometimes  heard  in  the 
admission  pipe  or  in  the  exhaust  pipe.  The  baeh  firing  in  the 
admission  pij)e  nearly  always  results  from  a  leaky  admission  valve. 
The  explosions  in  the  exhaust,  indicating  as  they  do  the  presence 
of  explosive  gases  in  the  exhaust  pij)e,  are  caused  either  by  the  use 
of  a  mixture  which  is  too  weak  or  by  faulty  ignition.  If  the  mix- 
ture is  too  weak,  the  charge  taken  in  just  after  an  explosion  may 
fail  to  ignite  liecause  it  is  mixed  with  the  products  of  the  previous 
explosion,  while  the  next  charge  taken  in  may  explode  because  it 
dcK'S  not  mix  with  burned  gas  but  with  the  weak  charge  in  the 
clearance.  The  hot  exhaust  gases  ignite  the  weak  mixture  which 
was  rejected  unburned  to  the  exhaust  at  the  j)revious  cycle.  If 
the  ignition  is  imperfect,  a  good  mixture  may  fail  to  explode  and 
])e  exhausted,  and  then  ignited  in  the  exhaust  pi{)e  by  the  next 
exhaust  of  hot  gases. 

Large  Qas  Engines.  A  very  rapid  development  has  taken 
})lace  in  the  size  to  which  gas  engines  are  built  until  they  are  now 
made  as  powerful  as  the  largest  steam  engines.  To  obtain  large 
}K)wers  and  to  get  the  desired  uniformity  of  crank  shaft  move- 
ment, multi-cylinders  and  multi-cranks  are  commonly  used.  When 
<louble-acting  cylinders  are  used,  the  piston  being  subjected  to 
high  temperatures  on  both  sides,  becomes  too  hot  unless  there  is 
a  circulation  of  cooling  water  within  it.  If  the  piston  is  to  be 
water-cooled,  the  piston  rod  is  made  hollow  and  is  furnished  with 
an  internal  tul>e.  A  water  pipe  is  attached  to  the  piston  rod  near 
the  crosshead,  by  means  of  swing  joints,  and  a  current  of  water 
Hows  through  the  internal  tube  to  the  piston,  circulates  through  it 


fl 


64 


GAS  AND  OIL  EXGINE6 


in  a  regular  |>ath,  returns  along  the  annular  space  around  the  inter- 
nal tube  in  the  hollow  rod  and  escapes  through  other  pipes  witli 
swing  joints. 

To  obtain  an  impulse  each  stroke  from  a  single  cyliuder 
engine  (Fig.  48)  a  two-cycle  double-action  engine  may  be  used. 
In  this  engine  the  exhaust  occurs  by  the  uncovering  of  the  ports 
in  the  middle  of  the  cylinder  when  the  engine  is  near  the  end  of 
its  stroke.  The  air  and  gas  that  are  to  be  admitted  are  compressed 
separately  in  the  cylinders  B  and  A  respectively.  When  in  con- 
sequence  of  the  opening  of  the  exhaust,  the  pressure  in  the 
cylin(l(M*  falls  below  that  to  which  the  air  is  compressed,  air  enters 
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t]:!-()Uo;h   tlir  ;iuti)in;itic  valve   I)  at  the  top  of  the  cylinder,  and 
nisliiiio;  toward   tlie    exliaust    port,    sweeps  the  cylinder  clear  of 
hnriKMl  ^as.     11ie  gas  admission   valve  o|)ens  immediately  after- 
wards, and  an  explosive  char<re  'enters;  but  before  this  can  get  to 
tlir  <*\liaust  port,  iiie  renirn  of  the  piston  st()])S  the  exhaust.     In 
til  is  way  llie   cylinder  is  ke|)t  clear  of  burned  gases  without  the 
loss  of  any  of  the  entering  charge.     The  propagation  of  the  ex- 
plosion in  the  cylinders  of  large  engines  is  cotnparatively  slow,  so 
that  two  or  more  igniters  are  sometimes  used  so  as  to  start  the 
cxj)losion  in  several  places  simnltaneonsly. 

Fuel  Consumption.     The  consumption  of  fncl  in  a  gas  engine 
1  mining  at  its  latcd  load  when  natural  gas   is   used,  is  from    Vi  to 
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17  cii.  ft.  j>er  1>.II.P.  ]x»r  lioiir;  with  coal  gas  15  to  V^  cii.  ft.  per 
RII.I*.  jK-r  hour,  and  with  producer  gas  about  1|  lb.  of  coal  per 
JkU.P.  jKT  hour.  These  are  average  good  results;  hirge  encrim-s 
>liow  hirrlier  economy  than  smaller  engines  and  have  given  a  B.II.P. 
widi  a  eonsuniption  of  1  lb.  of  coal  per  hour. 

Oil  Eni^ines.  The  fuel  used  in  oil  engines  is  generally  eru<h 
l,*trnhtim  or  some  of  the  oils  derived  from  it  by  the  process  of 
rrtining.  Crude  petroleum  is  not  a  siin[)le  chemical  substance, 
i»ut  is  a  mixture  of  a  very  large  number  of  different  hydrcKjarbons 
having  widely  varying  properties.  If  crude  petroleum  is  slowly 
li**ate<l,  it  gives  off  as  vapor  its  various  constituent  elements,  the 
more  volatile  being  given  off  at  the  lower  tem|)eratures,  and  the 
residue  becoming  continuously  more  dense  and  more  viscous.  In 
the  refining  of  petroleum  the  vapors  given  off  at  various  tem- 
jieratures  are  condensed  and  collectiMl  separately,  and  the  natnes 
t^iven  to  th«  various  products  are  an  index  chieHy  to  the  tempera- 
ture at  which  they  give  off  their  vapors.  The  most  volatile  of  the 
or^liuarj'  jiroducts  contains  all  the  elements  that  vaporize  at  a  tem- 
[leratnre  below  100°  F.,  and  is  called  (jnHolhh^  It  gives  off  some 
of  its  lighter  vapors  at  the  ordinary  tempeniture  of  the  air,  and  as 
tliese  vapors  are  highly  combustible,  gasoline  is  quite  dangerous. 
When  mixed  with  from  eight  to  twenty  ])arts  of  air,  it  forms  an 
explosive  mixture,  which  gives  a  more  rapid  explosion  and  conse- 
ipiently  higher  pressure  than  mixtures  of  equal  heat  value  used  in 
the  gas  engine.  When  exj)osed  to  the  air,  the  lighter  vapors 
r>ea{»e,  leaving  behind  a  heavier  and  less  volatile  oH. 

If  petroleum  which  has  been  heated  for  some  time  at  l<)0  is 
-lowly  raised  in  temperature  to  250^  F.,  a  new  and  heavier  series 
of  va{)ors  will  l)e  given  off,  which,  when  condensed  and  collected. 
are  calleil  h»  nzitte  or  naphtlui.  On  still  furtluM*  raisin^-  the  tem- 
j*-niture  from  250'^  F.  to  SSCr  F.,  a  still  heavier  series  of  va])ors  is 
'MVrn  off,  formincr  the  oil  known  as  hrosmr.  Kerosene  will  not 
L'lve  off  inflammable  vapors  till  it  is  heated  to  about  1*20'  F.,  so 
that  it  IS  comparatively  safe  and  also  will  not  change  or  deteriorate 
when  stortH.1  under  ordinary  conditions.  It  is  more  ditlieult  to 
liurn  satisfactorily  thfin  is  gasoline,  and  when  subjected  Ut  a  hi^li 
i^miK-rature  with  insufficient  air  for  its  combustion,  it  deeom|)oses 
and  deposits  its  carbon  as  a  hard  cake  on  the  walls  of  the  contain- 
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ing  vessel.    The  dense  petroleum  which  remains  after  the  kerosene 
has  been  driven  oflE  is  called  fuel  oil.    If  the  fuel  oil  is  subjected 
to  still  higher  temperatures  other  and  denser  vapors  are  driven  off, 
giving  when  collected  luhricatinrj  oils^  cylinder  oil  and  para§>M 
^caxj  leaving  finally  a  dense  sticky  mass  which  is  known  as  re**- 
ihium.     The  various  oils  can  be  distinguished  in  a  general  way  by 
their  densities,  that  is,  their  weights  as  compared  with  the  weight 
of  an  equal  volume  of  water.    The  density  of  gasoline  is  about  .C^- 
of  kerosene  about  .80,  of  fuel  oil  about  .82,  of  lubricating  oils  up 
to  .92.     If  it  is  stated  that  an  engine  uses  .76  kerosene,  it  meaoB 
that  the  density  of  the  kerosene  is  y^o  ^^  ^^*^  ^^  water. 

Crude  petroleum,  gasoline,  kerosene  and  fuel  oil  are  all  used 
in  oil  engines.  The  cycle  of  operations  through  which  the  engine 
goes  and  the  general  structure  of  the  engine  may  be  the  same  for 
all  these  oils  as  for  the  gas  engines  already  discussed;  the  ouly 
essential  difference  is  in  the  addition  of  devices  for  supplying  the 
oil  to  the  cylinder  and  for  its  preparatory  treatment. 

Oil  engines  may  be  divided  into  two  classes: 

1.  Those  that  convert  the  oil  into  a  fine  spray  or  a  vapor 
before  admitting  it  to  the  cylinder. 

2.  Those  that  deliver  the  oil  to  the  cylinder  in  the  liquid  form. 
Gasoline  Engines.     "Wlien  gasoline  is  used,  the  vaporization 

is  brought  about  by  passing  a  current  of  air  over  or  through  the 
oil;  the  air  escapes  eiirichKl  with  vapor  of  gasoline,  and  is  said  to 
be  otrhnritnl.  The  vissi4  in  which  the  process  takes  place  is 
called  a  ((trlniretnr.  The  carbureted  air  is  too  rich  in  fuel  to  be 
explosive,  so  tluit  a  further  addition  of  air  is  necessary  at  the 
cylinder.  The  vajjorizatioii  of  part  of  the  oil  results  in  a  lower- 
ing of  temperature  of  the  main  body  of  the  oil,  and  this  reduces 
its  volatility.  In  order  to  carry  out  the  process  satisfactorilv  with 
a  uniform  quality  of  the  carbureted  air,  it  is  customary  to  heat 
the  carburetor.  Tliis  mav  be  efl'ecttHl  by  makincr  use  of  the  heat 
either  of  the  exhaust  gases  or  of  the  escaping  jacket  water.  The 
latter  is  more  common  with  gasoline.  A  further  advantage  of 
moderate  heutintj  of  the  carburetor  is  that  .the  denser  constituents 
of  the  gasoline  then  become  more  volatile,  so  that  the  passage  of 
the  air  through  the  oil  does  not  result  in  depriving  it  of  its  lighter 
constituents  and  in  leavintr  a  residue  too  dense  to  be  used. 
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The  carbnretor  shown  in  Fig.  49  consists  of  a  vertical  cylin. 
der  siirronnded  by  a  water  jacket.  Gasoline  is  pumped  to  the  top 
of  the  cylinder  and,  passing  through  a  spraying  device,  falls  in  s 
finely  divided  state.  It  meets  an  upward  current  of  air  drawn  in 
through  inlets  at  the  bottom  by  the  suction  of  the  engine  cylinder. 
The  carbureted  air  goes  from  the  top  of  the  carburetor  to  the 
iMigine,  while  any  unvaporized  gasoline  drains  to  the  suction  side 
of  the  gasoline  pump  and  is  returned  later  to  the  carburetor.  The 
water  jacket  has  circulating  through 
it  Bonie  of  the  heated  jacket  water 
from  the  cylinder.  The  actual  tern. 
perature  of  the  jacket  is  controlled 
hy  a  thermostat  which  varies  the 
amount  of  water  circnlating. 

(.■Rsolineia  very  fluid  and  atom- 
izes completely  when  injected  into  a 
pi|)e  tlirough  which  a  current  of  air 
ia  |)a88ing.  The  air  in  that  case  car- 
ries thegHBoliiie  with  it,  partly  in  tlie 
form  of  a  mist  and  partly  va|(orizcd. 
This  process  is  largely  used  in  gaso- 


line engi 


lies,  and  is  illustrated  in  Fi< 


whicli  shows  tlio  whole  arranije- 
ment  of  agasoline  plant.  The  giiso- 
lini!  tank  is  buried  twlow  the  tl()i>r 
Ifvel  and  outside  the  building,  so  as 
to  reduce  the  danger  in  case  of  fire 
or  explosion,  and  also  so  that  there  ^^^  ^^  wesiinguoufie  carnumor 
can  be  no  leakage  of  gasoline  from 

the  pips  when  the  engine  is  not  running.  Tlie  gasoline  is  taken 
through  a  strainer  near  the  bottom  of  the  tank  and  through  the 
suction  pipe  by  the  action  of  a  gasoline  pnriip,  which  is  worked 
fro;n  the  cam  shaft.  It  is  then  forced  through  the  control  valve 
A  and  is  sprayed  into  the  air  pipe  N  through  the  jet  II  when- 
ever the  fuel  admission  valve  G  opens.  A  vertical  branch  of 
the  discharge  pipe  from  the  gasoline  pump  has  an  overflow  con- 
necting with  the  tank.  Tlie  pnmp  always  delivers  more  gasoline 
than  is  required,  the  excess  being  returned  to  the  tank  through  the 
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overflow  pipe.  This  maintains  a  constant  pressure  of  the  gasoline 
depending  only  on  the  constant  overflow  level.  With  a  given  open- 
ing of  the  control  valve  A  and  a  constant  head  on  the  gasoline,  the 
amount  of  gasoline  admitted  each  time  remains  constant. 

An  engine  using  gasoline  is  usually  provided  with  a  clearance 
space  somewhat  larger  than  that  used  in  a  gas  engine,  so  as  to 
prevent  excessive  pressures  during  explosion.  The  indicator  card. 
Fig.  51,  shows  the  rapidity  and  force  of  the  explosion  in  a  gaso- 
line engine. 

Kerosene  and  Crude  Oil  Engines.    When  kerosene  or  heavier 
oils  are  to  be  burned,  different  methods  from  those  described  for 
gasoline  must  be  used.     Tlie  kerosene  is  generally  broken  up  in 
the  carburetor  into  a  fine  spray 
or  mist  by  a  current  of  air;  it  is 
then  sent  to  a  vaporizer  before 
being  admitted  to  the  cylinder. 
In  the  vaporizer  the  carbureted 
air  is  raised  to  a  high  temper- 
atuie,  the  heat  of  the  exhaust 
gases  being  utilized  for  this  pur- 
j)()se,  and  the  kerosene  is  con- 
verted into  a  vapor.     Unless  the 
kerosene  is  completely  vaporized 
l>efore  admission  to  the  cylinder, 

it  is  difficult  to  ensure  its  complete  combustion.  Some  of  the 
liquid  kerosene  in  the  cylinder  crarka  or  breaks  up  into  its  ele- 
nitMits  as  a  result  of  the  very  high  tem])erature  to  which  it  is  sub- 
jt*cted,  and  the  carbon  deposits  itself  on  the  piston  and  walls  of 
the  clearance  space  as  a  hard  coating.  Tlie  temperature  in  the 
vaporizer  is  not  sufficient  to  crack  the  oil. 

In  some  cases  the  carburetor  or  spraying  device  is  oinittt»i1 
and  the  oil  is  pumped  directly  into  a  vaporizer  or  generator  wliidi 
converts  the  liquid  into  a  vapor.  A  device  of  this  kind  for  burn- 
ing heavy  crude  oil,  such  as  is  found  in  the  Texas  oil  fields,  is 
shown  in  Fig.  52.  The  generator  G  is  placed  close  to  the  engine 
BO  that  the  hot  exhaust  gases  coming  through  the  pipe  N  shall  not 
be  cooled  l>efore  reaching  it.  Tlie  oil  ])uniped  by  the  engine  goes 
through  the  pi|X3  Y  to  the  small  reservoir  K  on  top  of  the  gener- 
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Fig.  5L    Indicator  Card  of  Qasollne 
Engine. 
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aior,  anj  exi'wss  r(.'luriiiti{^  by  the  ovwrflow  pijw  O  to  t 
Hupply  tank.  Thit  auiuiint  of  oil  entering  Lbe  generator! 
tmllwi  liy  till'  throitlit  viilve  T  at  the  reservoi  r  R.  Tim  w 
(Uiwii  over  surfaces  which  are  heatt-d  by  tlm  exhaaat  ga^esl 
[tartly  or  fompletely  vaporixed.  Any  iiDCoueatiKHl  fi-sidticJ 
off  through  the  ctK^lc  T)  at  the  buttoiu  of  lliu  gfucrator.  I 
ti  111 [R'ratu rn  In  tlie  fp-ncralor  itf  ri-fjiiluted  by  a  liwit  vnlvi-  F..V 
may   1h>  svt  so  as  to  turciilati-  all  or  siny  part  of  the  nxhaust 
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through  llm  Li-nliug  t-oil  of  ibe  geiiorator,  i1k<  rest  Ixnug  8o 
tiinx-tly  to  the  exhaiist  pijK?  X,  Air  ia  drawn  into  ihu  lowt-r  f« 
of  tbu  geiiemlor  through  tho  pijie  (',  mid  lliw  mixture  of  air  ai 
vapor  leaving  tho  tup  of  the  generator  by  the  pipe  B,  uieet^ 
fresh  snpply  of  air  arriving  tlirwigb  the  valve  A  before  beii 
admitted  lo  the  eylinder.  Wbeu  kerosene  ia  to  Ite  ustni.  thn  cu 
sraior  ia  veryiuiK'h  siiialler,  hut  the  general  armngemeut  i«a' 
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Kerosene  and  the  heavier  oils  can  be  used  in  oil  engines  with- 
ont  jirelitiiinary  Taporizatiun.  One  of  the  methods  of  accomplish- 
ing this  is  illuBtrated  in  Fig.  53,  which  is  a  longitudinal  section  of 
an  engine  using  kerosene  or  crnde  oil.  A  combustion  chamher  or 
vaporizer  A  is  attached  to  the  end  of  tlio  cylinder  and  conimuni- 
catea  with  it  through  a  narrow  neck  H.  The  outer  part  of  the 
vaporizer  ia  unjacketed,  and  consequently  is  kept  at  a  good  red 
heat  by  the  successive  explosions.  The  engine  follows  the  usual 
four  stroke  cycle.  During  the  admission  stroke  air  alone  is  admit- 
te<l  to  the  cylinder,  while  oil  is  injected  into  the  combustion  cham- 
ber  and  is  vaporized  there.     During  the  return  stroke  the  air  is 
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compressed  into  the  vaporizer,  mixes  with  the  oil  vapor  and  forms 
an  explosive  mixture  which  is  igniteil  by  the  hot  walls  of  the  com- 
bustion chamber.  Tlie  pro]>ortions  of  the  combustion  chauiherare 
designed  so  that  the  explosion  does  not  occur  till  near  the  end  of 
the  comjiression  stroke.  Tlie  fuel  sujiply  is  regulated  by  the  gov. 
ernor,  which  controls  a  by-pasa  permitting  part  of  the  discharge 
from  the  pump  to  return  to  the  suction  side.  ISefore  starting  the 
engine  the  combustion  clmm1<er  must  he  raised  to  a  bright  red  heat 
by  an  external  heater;  but  after  starting,  it  is  maintained  in  that 
condition  by  the  explosions.  The  engine  is  of  great  simplicity 
since  it  disjienses  with  both  igniter  and  mixing  valve.     The  com- 
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bustion  chamber  becomes  coated  with  a  deposit  of  carbon  resulting 
from  the  cracking  of  the  oil  at  the  high  temperature,  but  it  is 
easily  removed  for  cleaning. 

The  Diesel  Cycle.  All  the  engines  discussed  so  far  have 
operated  on  the  Otto  cycle  or  some  modification  of  that  cycle. 
There  is  coming  into  use  for  crude  oil  or  fuel  oil  engines  another 
cycle  of  operations,  known  as  the  Diesel  cycle,  which  merits  atten- 
tion because  of  its  high  efficiency.  The  cycle  will  operate  equally 
well  with  gas  or  gasoline,  but  is  naturally  used  with  the  cheaper 
fuels.  Tlie  Diesel  cycle  resembles  the  Otto  cycle  in  requiring 
four  strokes  for  its  completion.  The  first  out  stroke  draws  into 
the  cylinder  a  charge  of  pure  air  alone,  without  any  admixture  of 
the  fuel.  On  the  return  stroke  the  air  is  compressed;  and  since 
the  clearance  in  this  engine  is  only  about  seven  per  cent  of  the 
cylinder  volume,  the  pressure  at  the  end   of   compression   rises  to 

about  500  lb.  per  sq.  in.,  and  the 
temperature  of  the  air  to  abou»» 
1,000^  F.  As  the  high  pressure 
is  reached  gradually,  it  does  not 
cause  a  shock  to  the  engine,  such 
as  an    explosion  to   the  same 

Fig.  51.    Indicator  Card- Diesel  Engine.       ])reS8Ure    WOuld    give.       At    the 

beginning  of  the  second  out- 
stroke  the  oil  admission  valve  opens  and  a  charge  of  oil  is  blown  into 
the  cylinder  in  the  form  of  a  fine  spray  by  a  small  quantity  of  air 
which  has  been  compressed  by  a  special  compressor  to  about  550 
lb.  The  moment  the  entering  oil  meets  the  highly  heated  air  in 
the  clearance  space,  it  ignites  and  burns.  The  combustion  goes 
on  so  long  as  the  fuel  is  being  blown  in,  usually  for  about  one- 
tenth  of  the  forward  stroke;  and  since  there  is  no  large  quantity 
burnincr  at  any  instant,  there  is  nothinjx  in  the  nature  of  an 
exj)l()Kion.  UkuhIIv  tlie  heat  generated  by  tlie  combustion  is  not 
sufficient  to  ])revent  tlie  pressure  in  the  cylindei  falling  while  the 
admission  is  taking  ])lace,  so  that  the  admission  line  on  the  indi- 
cator card  falls  Inflow  the  constant  ])ressure  line  as  seen  in  the 
indicator  card.  Fig.  54.  Tlie  method  of  Imrning  is  really  essen- 
tially  similar  to  tliat  of  an  ordinary  eras  burner,  and  not  to  that  of 
an  exi)losive  mixtuiv,  and  consequently  the  oil  will  buru  with  any 
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exfess  of  air  [iivflfrit.  After  tlie  admiHsioii  valve  haa  uloeed,  the 
charge  ex[)aiKls  and  then  is  exhausted  oil  the  return  stroke.  The 
indicAtur  card,  Fig.  54,  shows  the  cycle  of  ofverations. 

The  general  strut-tiire  of  the  engine  and  a  detail  of  the  valves 
are  shown  in  I'ig-s.  55  and  5(t.      The  njovenient  of  the  fuel  adir.is- 


fiioii  valvH  U  very  sliglit.  giving  a  narrow  annular  opening  for  the 
tMitrj  of  the  oil.  Siirronniliiig  the  valve  Bjiindle  is  a  series  of 
lirass  ^^'aBhe^s  perforated  pai-allel  to  the  spindle  hy  nnmeroiiB  small 
boles.  Tile  oil  is  pumped  into  the  sjtace  ftroiiiid  the  valve  spindle 
near  ils  niiildle,  and  l>_\  capillury  aelion  Hilda  ilw  way  between  the 
waHheru  iiiiil  into  the   tierfuritli»ns.     The  air  for  fuel    injiftlon   is 
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udmitted  through  another  pipe  into  tlie   same  epace,  but  behma      I 
the  oil,  and  because  of   its  high  pressure  blows  the  oil  into  ti>*      1 
cylinder  when  the  valve  opens.     The   amount  of  oil  adiultt*?"!  ** 
regulated  by  the  goveroor  which  controls  the  time  of  opeDiog  " 
a  by. pass  connecting  the  discharge  and  suction    sides  of  tb^ 
pump.     At  light  loads  the  oil  is  pumped  to  the  fuel  va.\v0 
part  only  of  the  admission  period,  and   air  alone   will  enter    V^ 
the  vatve  for  the  rest  of  the  period.     The  method  of  slow  cou»  ** 
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ti()n  ill  a  liii<;n  I'xc'i-tfs  uf  iiifihly  hi'iltiil  iiir  ensures  very  complete 
cotiihustioji  i-vi-ii  with  the  h.-avit-wt  oils,  so  that  there  is  no  chance 
fur  tljn  accunni  lilt  ion  of  a  c;irl.i)ii  <U'|)osit  in  the  cylinder.  The 
engiiiii  IS  startt'd  by  conipreasetl  air  from  an  auxiliary  reservoir,  a 
special  slartinfT  valve  being  used  for  the  purj>ose.  Diesel  engines 
have,  under  test,  converted  more  than  ;!5  per  cent  of  the  heat  of 
combustion  of  the  oil  into  work  done  in  the  cylinder. 

The  Care  of  the  Oil   Engine.    Tlio  same  general  preaautions 
are  necessary  iu  running  an  oil  engine  as  in  running  a  gaa  engine, 
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«nd  the  same  troubles  are  liable  to  occur.     The  starting  by  hand 

of  a  gasoline  engine  of  small  size  has  been  described  already.     If 

the  engine  fails  to  start,  it  will  probably  be  because  either  too 

woch  or  too  little  gasoline  was  admitted.     The  amount  admitted 

for  starting  must  be  varied  with  the  temperature  of  the  cylinder. 

Jn  cold  weather  about  twice  the  normal  amount  must  be  used, 

^hile  on  the  other  hand,  if  the  engine  has  been  running  and  ha» 

'^^^n  shut  down  for  a  short  time  only,  a  considerable  diminished 

charge  is  necessary. 

Great  care  must  be  taken  by  the  use  of  suitable  strainers  that 
'^o  solid  foreign  matter  gets  into  the  oil  supply  pipe,  otherwise 
there  is  great  liability  to  the  obstruction  of  the  flow.  Owing  to  its 
^ore  rapid  explosion  and  to  the  greater  richness  of  the  explosive 
charge,  a  gasoline  engine  will  develop  more  power  than  a  gas 
^ttgineof  the  same  size,  even  when  the  latter  uses  natural  gas. 

Oil  Consumption.  The  consumption  of  gasoline  in  an  engine 
^»  small  size  averages  about  one-tenth  of  a  gallon  per  brake  horse 
{K)\vt^r  jier  hour.  In  the  Diesel  motor  the  average  consumption  of 
crude  oil  per  brake  horse  power  per  hour  is  less  than  one-tenth  of 
»  gallon. 

The  field  for  the  use  of  the  oil  engine  is  very  extended.     It  is 
"*^  most  compact  of  the  heat  engines,  requiring  nothing  equivalent 
to  i>oiler  or  gas  generator,  and  consequently  is  inherently  the  most 
^'^^ table  for  purposes  of  transportation.    Its  extensive  adoption  for 
'»'"*viiig automobiles  and  motor  boats  is  being  followed  by  its  appli- 
^"'^^Um  to  locomotives  and  to  large  vessels.     The  absence  of  boiler 
*^*i  of  beat  generator  losses  makes  it  both  potentially  and  actually 
^^^  most  efficient  of  all  heat  engines.     The  relative  cost  of  power 
^^^elojied  by  oil,  gas  and  steam  engines  depends  on  the  cost  of  the 
*^^laud  of  coal,  and  this  varies  with  the  locality  ^nd  the  kind  of  oil 
^^coal.     In  refining  petroleum  not  more  than  ten  per  cent  of  the 
^'1  can    he    collected   as  gasoline,  so  that  this   oil,  which   is  the 
fliost  easy  to  use,  is  not  available  in  as  large  quantity,  and  conse- 
qnently  has  a  considerable  higher  cost  than  the  heavier  oils.    Kero- 
sene forms  twenty-five  to  fifty  |)er  cent  of  the  crude  oil,  and  is 
consequently  cheaper.     Fuel  oil  and  crude  oil  are  the  cheajHJSt, 
but  are  also  the  most  difficult  to  burn  satisfactorily. 
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As  a  device  for  saving  time  and  distance,  the  motor  v^de  liiSs 
fairtoedipse all  others  and  to  prove  itself  one  of  the  greatest  inventions 
of  an  inventive  age.  Its  motor  n^ill,  in  time,  be  built  cheaper  than  a 
horse  can  be  grown,  its  transmission  gear  wHl  cost  less  than  a  harness, 
while  its  body  need  cost  little,  if  any  more  than  similar  parts  of  horse 
vehicles.  Rapid  as  has  been  the  growth,  and  astonishing  as  are  the 
re  ults  shown  to-dav  bv  this  class  of  vehicles,  it  is  eWdent  that  this  is 
hut  the  beginning  and  that  in  the  ven'  near  future,  a  development  and 
gro^ih  far  l)eyond  present  conception  is  sure  to  come. 

The  motor  vehicle  is  not  a  new  invention.  It  is  the  father  of  the 
traction  engine  and  of  the  hx'omotive.  It  is  one  of  the  de\nces  earliest 
sought  for  but  latest  to  be  practically  and  popularly  worked  out;  and 
few  problems  of  greater  severity  have  been  presented  to  engineers. 
Its  need  has  Leen  felt  even-where,  for  we  spend  our  lives  exchanging 
what  we  have  for  what  we  desire  and  this  requires  transportation.  At 
both  ends  and  often  between  ends  of  the  route  over  which  the  ex- 
change is  made  animal  power  is  used  and  here  the  auto  is  needed  and 
will  be  used  with  great  saving.  The  direc^tor  of  the  United  States 
Road  Inquiry  Bureau  says  the  cost  of  moving  tonnage  1250  miles  by 
steamships,  250  miles  by  steam  cars,  or  25  miles  by  electric  cars  is  no 
greater  than  the  cost  of  moving  tonnage  5  miles  by  animal  power  on 
the  common  roads — a  proportion  of  1  to  5,  1  to  50  and  1  to  250  in 
favor  of  mechanical  transportation  against  the  horse;  and  yet  with 
these  figures  before  them,  capitalists  build  larger  steamships  and  better 
railways  in  an  attempt  to  save  an  additional  slight  percentage  on  these 
already  cheap  methods,  while  the  horse  has  continued  to  draw  the 
same  old  wagon  at  a  si^ail's  pace  over  abominable  roads,  simply  be- 
cause heretofore  the  motor  vehicle  has  not  come  into  use. 

On  the  other  hand  while  this  has  been  the  general  condition,  tliere 
have  always  l)een  attempts  to  secure  better  results.  Pioneers  have 
exerted  themselves  to  build  mechanical  motors  for  use  on  the  common 
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roads  in  the  face  of  the  great  chances  of  failure  and  the  derision  of  the 
world.    To  them  we  owe  the  progress  that  has  been  made. 


HISTORY 

Nearly  three  centuries  ago  a  German  at  Nuremberg  proposed  i:; 
drive  vehicles  "2000  paces  an  hour  by  means  of  springs,"  and  amilsi 
carriages  were  proposed  by  others.     In  1759  Dr.  Robinson  called  the 
attention  of  Watt  to  the 
possibilities  of  steam  ve- 
hicles.    In  1763  to  1768 
Cugnot,    a    Frenchman, 
designed  and  built  with 
the     assistance    of    the 
French      War     Depart- 
ment, a  steam -propel  led  gun-carriage  and  in  1797  a  four-passenger 
tricycle  capable  of  four  miles  per  hour.     In  England  a  practical 
result  was  shown  in  17S1  by  Murdock  and  in  America  by  Oliver 
Evans  in  1S04,    Tlie,sc  were  mostly  steam  vehicles,  although  gun- 
powtlcr  engines  nmcli    resembling   giLs   engines    were    among  the 
rarlicst  pro[H>.scii.     Tompn'sscd  air  was  also  uwd,  notably  by  Mann 


•    Cvignot's  Swaro  Carriage. )' 


Tho  tir^^t 


half  of  the  imh  < 
-locomution  aiKJ 


.as  marked  by  many  attempts 
■hicics,  particularly  omnibuses 
for  public  hire,  were 
made  and  operate<l  l>e- 
twecn  lS2n  and  1844 
by  Hancock,  Gumcy, 
Ouin-h,  Fisher,  James, 
Sfjiiire,  Russell  (con- 
structor of  the  Great 
Fic.a.    ii!iuen<.k'.iStc.nmr.iiTi»R,.,  ]Kcs.  Kastcru  Steamship)  and 

others.  These  vehicles  were  openitet!  with  success  on  regular  sched- 
ules over  re^nilar  routes,  wei-e  uuich  liked  by  travelers  and  were 
eniwdiMl  with  passeiif,'ers,  an<l  they  l)a(le  fair  to  inaugurate  the  horse- 
less age  and  bring  in  an  era  of  cheap  Irausportation. 

Public  opinion,  however,  was  not  with  these  vehicles.     Horse 
users  and  stage  drivers  were  very  i>itter  against  them.     The  Road 
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Trustees  imposed  unjust  and  discriminating  tolls  and  the  ill  feeling 
and  prejudice  finally  resulted  in  restrictive  laws  prohibiting  a  speed 
faster  than  three  or  four  miles  per  hour  and  compelling  a  man  to  pre- 
cede the  vehicle  with  a  red  flag.  The  result  was  that  the  industry 
died  and  did  not  again 
exist  in  England  until  the 
passage  of  the  "Light 
Locomotives  Act "  in 
1896,  a  loss  of  more 
than  50  years  and  of 
millions  of  dollars  that 
would  otherwise  have 
gone  to  the  English  na- 
tion.     In    the    meantime  ^*«  '     Fishers  steam  carriage.  1840. 

the  locomotive  was  developed  to  run  on  special  rights  of  way  and 
the  traction  engine  plodded  at  a  snail's  pace  whenever  it  used  the 
highways. 

Occasional  Experiments.  Occasional  inventors  made  experi- 
ments from  time  to  time  in  France,  Germany  and  America,  but  for  one 
reason  or  another  none  of  these  found  favor  In  18G0  to  '62  Lenoir, 
a  Frenchman,  designed  a  gas  engine  of  the  four  stroke  cycle  type  and 
applied  it  to  a  motor  vehicle.  Ten  years  later  the  elder  Bollee  built 
one  or  more  steam  vehicles  which  received  some  use  on  French  roads. 
Al)out  1876  Fawcett,  at  Pittsburg,  built  an  omnibus  using  a  Brayton 
internally  fired  engine  burning  liquid  fuel.  Ten  years  later  Copeland 
in  America  fitted  small,  light  steam  motors  to  bicycles  and  tricycles 
with  some  degree  of  success,  while  Daimler  and  Benz  in  Germany 
about  the  same  time  applied  gas  engines  of  the  four  cycle  type  suc- 
cessfully to  motor  vehicles. 

The  next  ten  years  marks  the  beginning  of  the  present  motor 
vehicle  industry.  In  Germany,  Daimler  developed  the  small  high 
speed  motor  which  is  admittedly  the  predecessor  of  present  day  prac- 
tice. Benz,  his  countryman,  confined  himself  more  to  the  application 
of  engines  resembling  stationary  engines,  and  while  very  successful, so 
far  as  quantity  of  vehicles  made  and  service  rendered  is  considered, 
did  not  influence  the  industry  as  did  Daimler  whose  inventions  were 
taken  up  in  France  about  1892  or  '03.  In  America,  occasionally 
experimenting  since  1886,  the  Durj'ea  Bros,  began  continuous  work 


V 


4  ATTT(_>M<>BILES 

on  gasolene  vehicles  in  1891,  which  work  unlike  many  experimeob^ 
has  been  carried  forth  continually  since.  In  1893  Stui^ss,  of  Chi- 
cago, e}:hibited  an  electric  vehicle  at  the  Columbian  Exposition. 

In  1894  and  1895  very  successful  road  contests  were  hdd  in 
France  and  attracted  the  attention  of  the  civilized  worid.  These  w«e 
followed  by  several  automo- 
bile events  in  America,  the 
first  of  which  was  theTimts- 
Herald  contest  at  Chicago. 

Pioneers.  It  is  difficult 
in  a  historical  account,  to 
set  a  proper  value  on  tbe 
various  experiments  and  at- 
tempts made  in  ilifferent 
parts  of  the  world,  fornooDG 
can  say  what  beanng  or  m- 
Hiiciirt'  :iiiy  particular  experiment  may  have  had  on  the  work  of 
liilcr  Iniiiilers.  It  is  eminently  proper,  however,  to  give  credit  to 
work  (hut  lias  continued  with  little  or  no  interruption  into  the 
present  peri("l;  to  work  that  showed  marked  pre-eminence  either br 
the  results  accomplished  or  by  the  means  and  mechanism  used,  and 
to   work   that    has   in  any 


JjJ-M/ 

"^'ITV/I  present  practice  to  a  notice- 
0-^^(1  able  extent.  Judged  by 
^^^^^^^^  these  standards  the  pio- 
^^^^^^^           neers  in  the  electric  vehide 

mSm    'S:LuT^!'ZimZ 

^-r^               IS!W.      In    stfam   vehicles 

""  ■'■™:"r 

l!if  wi.rk  of  Coijcland  (giv- 
,..ii:,i,  i,„„,.i-.„,.r  .-ii  c-cmsi.leraUe  jinmiiiience 
'"  "■'"■                        llin.i.Kli  the  rvclo  i,ul,lic«- 

tiuusl.was  f..ll()Wf 

i  alii.iil  ISIKI  anil  '(IT  l.v  tlic  snrcessful  steam  eai^ 

riujj^-  of  Whitney, 
of  the  Stanley  lln 
park.  Hoston,  Mas 

wliirli  was  tlu-  aintt  pre.le(fs,s<.r  <>{  the  pnxluet 
,.,  lirst  iiilr<>(hi.T.l  1,1  the  |«ilili.-  at  Charles  River 
.,  in  the  fall  of  ISltS,     In  gasi.leiie  vehicles,  the 
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first  Duryea  finished  in  1892,  and  the  second  one  finished  in  1893, 
lx)th  of  the  single  cylinder  variety,  were  followed  in  1894  by  the 
double  cylinder  carriage  which  won  the  Chicago  Times-Herald 
contest.  The  first  single  cylinder  Haynes  vehicle  was  finished  in 
the  summer  of  1894,  followed  late  in  1895  by  the  second  Haynes,  a 
two  cylinder  vehicle,  the  first  of  the  opposed  cylinder  type.  In  1896 
the  first  Winton  made  its  appearance,  while  in  this  same  year  more 
than  a  dozen  Duryea  vehicles  were  completed  and  the  new  industry 
was  fairly  started  on  its  way. 

Little  Interest.  Progress  was  at  first  slow  both  in  America  and 
England,  although  more  rapid  in  Germany  and  France,  due  to  the  favor- 
able roads,  liberal  laws  and  greater  interest  among  experimenters  and 
capitalists.  In  America,  the  downfall  of  the  bicycle  business  de- 
stroyed much  of  the  financial  confidence  necessary  to  the  development 
of  the  new  industrj'  and  interest  lagged  until  the  steam  vehicle  shown 
by  the  Stanleys  in  1898,  and  offered  to  the  public  b^many  makers  at  a 
low  price,  began  to  be  put  on  the  market  in  a  large  way  and  extensively 
advertised.  It  met  with  an  enthusiastic  reception,  was  not  protected 
by  patents  and  was  therefore  largely  copied  by  other  makers,  with  the 
result  that  it  seemed  to  have  the  field  to  itself.  The  steam  vehicle,  as 
then  constructed,  however,  fell  from  popularity,  even  more  rapidly 
than  it  attained  it.  The  great  complexity,  the  delicacy  of  the  many 
parts,  the  small  wheels,  the  inadequate  tires,  the  short  wheel  base, 
together  with  many  other  features  of  similar  character,  all  contributed 
to  the  downfall  of  this  promising,  popular  carriage. 

In  the  meantime,  the  electric  vehicle  was  being  exploited  by  large 
capitalists  in  the  large  cities  for  public  ser\'ice,  and  cab  companies, 
overcapitalize<l,  sprang  up  in  many  places,  doomed  to  disappointment 
l)ecause  of  the  lack  of  experience  and  the  fact  that  their  vehicles  had 
not  l)een  proved  by  years  of  service  to  be  what  was  needed  for  their 
work.  This  adverse  experience  did  much  toward  holding  back  the 
adoption  of  the  electric  vehicle  bv  manv  to  whom  it  would  have  been 
of  great  value,  and  hurt  the  business  generally. 

Steady  Growth.  Acnxss  the  ocean  Serpollet,  l>eginning  about 
1886,  had  l)een  slowly  developing  a  promising  steam  vehicle  while  one 
or  more  experimenters  were  developing  the  electric.  The  gasolene 
vehicle,  pushed  by  many,  made  most  rapid  progress.  In  America  alsvi, 
it  made  progress  conservatively  but  steadily.     Fathered  by  mechanics, 
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rather  than  by  capitalists  and  promoters,  .it  was  steadily  improved, 
its  defects  and  limitations  were  studied,  it  was  sold  at  a  price  consist- 
ent with  good  quality^and  although  slow  in  coming  to  its  recognitioD, 
the  certainty  of  that  recognition  was  made  more  sure  by  the  very 
length  of  the  period  devoted  to  its  development. 

This  slow  growth  gave  opportunity  for  experimentation  and 
brought  into  existence  most  of  the  valuable  features  of  present  day 
autos  as  well  as  some  features  that  will  undoubtedly  be  use<l  in  future 
years,  although  not  recognized  at  their  true  value  now.    Thus  the 
first  Duryea  vehicles,  finished  in  1892  and  1893,  had  front  axles  fitted 
A\*ith  wheel  pivots  or  steering  heads  as  close  to  the  wheels  as  possible, 
and  these  pivots  were  inclined,  so  as  to  strike  the  ground  at  the  bottom 
at  the  point  of  contact  of  the  wheel,  which  arrangement  secures  a 
steering  that  is  practically  irreversible,  that  steers  very  easily  and  per- 
mits running  over  obstructions  with  no  shock  on  the  steering  parts  or 
tendency  to  deviate  from  a  straight  line — facts  which  are  not  yet  fully 
known  by  constructors  and  therefore  not  made  use  of  to  a  large  d^ree* 
They  employed  a  three  point  rear  frame  with  motor  and  transmission 
inounteil  closely  together  upon  it,  double  side-chain  drive  with  balance 
iri\*\r  in  tlie  counter  shaft,  electric  ignition,  spray  carburettor,  motor 
lenirthwise  the  Ixxlv  and  manv  other  devices  that  have  since  become 
staiuhiril  practitv. 

This  jHTJixl  o{  tlie  history  of  the  gasolene  vehicle  was  not  in- 
thuMU'iHl  l>v  foiviirii  nnutice  and  was  more  truly  American  and  l>etter 
>uittHl  to  \hc  AnuM'iran  n>a(ls  and  conditions  than  many  present-day 
iiHi>tnu'tii>n>.  althoiiirh  at  that  time  the  full  importance  of  ample 
powiM-  was  no\  ivroirniztHl,  mechanics  were  untrained,  and  many 
vohirloN  wtMV  iiuapahle  and  inireliable. 

Steam  IXvadenLC.  Alnnit  the  time  of  the  decadence  of  the  steam 
Nohlvlr  fail.  M>01.  two  vohii'les  of  particular  imix^rtance  l)egan  to  at- 
tr,ut  attrntiiMi.-  tlic  Olds  and  the  Knox.  The  Olds  is  intere^ting 
Ivi  ,uiM^  of  thr  ili^tiui'tive  sha]>e  of  the  body  which  resembled  a  tobog- 
o;Ui  at  it>  f  Mward  tMul,  the  shape  of  the  sprincrs,  which  were  fastenetl 
M  one  end  to  the  IhhIv  and  at  the  other  to  the  axles,  and  the  generally 
W\\\  and  simple  appearance.  'This  vehicle  was  put  out  in  large  nuni- 
U Ms  at  a  tninlerate  priie,  was  (juite  successfully  imitated  by  many 
»Mhrt  conctM-ns.  anvl  was  for  a  time  the  Representative  American  type, 
and  \><H'OK^ni  i\l  as  Mieh  in  many  parts  of  the  world.    The  Knox  etjually 
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deserves  mention  because  of  its  system  of  air  cooling,  which  was  really 
the  only  successful  form  for  a  considerable  period.  Many  attempts 
had  been  made  at  air  cooling,  but  most  of  them  had  t>een  failures  for 
one  reason  or  another;  but  Knox,  by  his  firm  belief  in  the  efficiency  of 
.threaded  pins  screwed  into  the  walls  of  the  cylinder,  including  the 
head  and  valve  chambers,  demonstrated  the  practicability  of  this 
system,  and  although  standing  alone,  after  others  had  abandoned  air 
cooling,  for  all  except  the  smallest  sizes,  has  been  followetl  by  a  great 
variety  of  very  efficient  air  cooling  methods. 


Pig.  «.   Standard  CUd^mchilr  riiiti;ilioin. 

Foreign  Influence.  Abroa<i,  llie  pisolcne  vehicle  whs  turned  out 
in  large  numliers,  and  was  .seen,  trie<I,  iuhiiired,  and  purcha.sed  by  the 
vast  number  of  American  touri.sts,  wim,  t<Ki  busy  at  home  to  ev?n  look 
at  an  auto,  Ijecame  willing  c<>nvert.s  abroad  and  siteiit  tlicir  vacations 
enjoying  the  goo<l  roads  of  Europe  and  the  new  methiMl  of  Im-omotion 
at  the  same  time.  The  earliest  vehicles  of  Daimler  hml  !>een  fitted 
withamotorundertheseat,  but  in  order  to  .secure  great er  itcce,s,siiiility 
he  .soon  transferre<l  this  to  the  front  of  the  vehicle,  vvliere  it  was  en- 
closed in  a  box,  and  this  practice  has  prevaile<l  abroad  to  the  present 
day  and  has  been  followe<l  verj'  largely  in  America  llirougli  the  in- 
fluence of  the  tourists. 

The  splendid  foreign  roads  with  their  hard  surfaces  and  easy 
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grades  permitted  the  use  of  small  wheels,  of  mechanism  close  to  the 
ground  and  required  so  little  traction  that  no  great  weight  was  needed 
upon  the  driving  wheels;  while  favorable  speed  laws  and  road  con- 
ditions permitted  the  use  of  high  powers  and  the  attainment  of  railroad 
speeds. 

American  Conditions.  In  America,  where  the  majority  of  the 
roads  are  bad,  the  things  demanded  of  a  motor  vehicle  are  considerably 
different,  and  they  are  not  properly  met  by  foreign  designs  so  prevalent 
to-day.  Rough  roads  require  large  wheels,  ample  clearance  under 
the  body,  protection  of  the  mechanism  from  mud  and  dust,  great  weight 
on  the  propelling  wheels,  large  wheels  that  will  roll  over  rough  places 
easily,  a  simple  and  light  mechanism  that  will  stand  the  rough  service 
with  the  minimum  of  repairs.  Many  other  similar  features  are  essen- 
tial to  meet  the  road  conditions  and  also  the  needs  of  a  thoroughly 
practical  people,  rather  than  those  designed  simply  to  serve  as  a  sport 
of  a  leisure  class.  It  seems  evident,  therefore,  that  many  of  the  fea- 
tures first  developed  in  America,  to  meet  American  conditions,  and 
more  or  less  largely  abandoned  in  favor  of  foreign  design,  will  eventu- 
ally become  standard  American  practice,  because  best  suited  to 
American  needs.  Fluctuations  are,  of  course,  apparent  in  the  de- 
velopment of  any  new  industry,  for,  in  their  inexperience,  the  buying 
public  is  apt  to  grasp  at  new  designs  as  the  solution  of  its  difficulties, 
without  really  knowing  whether  the  new  is  better  or  as  good  as 
the  old,  but  as  a  wider  variety  of  styles  is  seen  in  use,  these  fluctua- 
tions will  become  less  pronounced  until  finally  purchasers  will  have  a 
large  variety  from  which  to  select  and  particular  needs  rather  than  pres- 
ent fad  will  more  largely  influence  the  selection. 

Present  Types.  Present-day  autos  can  be  divided  into  a  wnde 
number  of  classes  in  addition  to  the  three  general  classes,  electric, 
steam  and  gasolene,  already  considered.  In  electric  vehicles,  there 
is  but  little  variation  except  in  the  shapes  of  tlie  body,  although  some 
vehicles  are  ecjuipped  with  two  motors,  others  with  but  one,  and  bat- 
teries varj^  somewhat  in  arrangement,  kind,  and  size,  while  controllers 
and  fittings  exhibit  the  designers'  preferences. 

The  electric  vehicle  is  of  limited  range  and  well  adapted  to  city 
use  for  elderly  people  or  ladies.  Like  the  steamer,  it  seldom  needs 
attention  (>n  the  road  and  generally  gets  home  if  the  batteries  are  not 
exhausted.    The  batteries,  like  the  steam  boiler,  are  the  objectionaUe 
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feature,  for  thev  are  quite  complicated,  beavy,  subject  to  chemical 
change;  also  to  physical  change,  such  as  buckling,  loosening  of  the 
active  mailer  from  the  plates  and  leakage,  spilling  or  evaporation  of 
the  electroh"te.  The  den^ty  of  the  electrolyte  needs  watching  to 
secure  best  results,  and  the  batteries  should  always  be  kept  chained. 
Steam  Vdikles.  These  arc  considered  well-known  because  they 
employ  steam  engines  and  boilers  and  do  not  ordinarily  use  a  speed 
changing  device.  The  ^^'hite  steamer  uses  a  tubular  generator  in 
which  the  water  enters  the  top  and  is  converted  into  superheated 
steam  by  contact  with  the  hot  metal.  Xo  water  is  carried  in  the  boiler. 


so  little  time  is  re<|uirei]  to  get  up  steam,  and  an  increased  supply  of 
waterismetbyunincrease<l  fuel  supply,  resulting  in  increased  quantity 
of  steam.  With  the  steam  vehic^e,  pressure  is  required  to  make  the 
fuel  mix  with  air,  and  the  burner  requires  more  or  less  attention.  The 
piping,  pumps  ami  .stuffing  boxes  must  be  known  to  )>e  in  goo<l  order, 
and  loss  of  power  is  usually  attributed  to  a  leak  or  to  improper  fuel 
and  water  supply. 

In  the  Stanley  .steamer,  the  motor  is  geare^I  direct  to  the  rear 
axle,  instead  of  lieing  connet-ted  by  chain  as  in  most  otlier  forms.  The 
light  weight  of  the  Stanley  steamer,  and  also  the  Baker  electric  vehicle 
contribute  much  to  the  high  efficiency  shown  by  these  light  carriages. 
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Steam  veliides  differ  principally  in  the  type  of  boiler,  there  being 
two  general  kiiwls,  the  fire  tul)e,  of  which  the  Stanley  is  best  known,  and 
the  flash  or  generator,  of  which  the  \Vhite  is  the  principal  exponent. 
Burners,  engines  and  their 
arrangement  vary  also. 

Variations.  Since,  how- 
ever, the  majority  of  pres- 
ent day  autos  are  gasolene 
vehicles,  it  will  suffice  (o 
describe  in  them,  most  of 
the  details  that  enter  the 
auto  of  to-day.  Besides 
the  vanations  in  the  body, 
such  as  single  or  double 
seat,  folding  seat  or  detach- 
able, open,  with  top  or  en- 
closed, side  or  rear  entrance 
and  many  similar  varia- 
tions, there  are  two  kinds 
of  motors,  two-stroke  cycle 
and  four-stroke  cycle;  two 
varieties  of  cooling,  air  and 
water;  three  locations  of 
the  mechanism,  front,  mid- 
way and  rear;  several  lonns  of  transniissioii,  such  as  Mt,  friction, 
chain,  i)lanutary  gear,  sliding  gear,  individiuil  clutch,  and  many 
variations  in('lu<ling  comliinutions  of  hydraulic  and  electric  systems. 
There  arc  two  largely-used  inethwis  of  ignition,  with  several  ac- 
cepted sources  of  electric  current,  viz.,  the  jump  and  the  contact 
spark;  with  primary'  batteries,  storage  batteries,  magnetos  and  dyna- 
mos for  .supplying  the  electricity.  Since,  however,  there  are  several 
hundred  parts  reijnircd  to  make  up  a  motor  vehicle,  it  seems  best  to 
descrilK"  ihc^ic  j)art,s  under  various  headings  rather  than  attempt  a 
general  description  which  cannot  be  other  than  confusing. 

The  motor  vcliicle  is  commonly  considered  as  a  combination  of  a 
motor  and  vehicle  with  such  other  parts  as  are  needed  to  make  the 
combination  opemtivo,  and  in  this  connection  the  motor  is  described 
first.     Since,  liowever,  \ehicle  motors  are  but  modlRcations — usually 
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ht  and  of  high  speed — of  motors  long  used  for  stationary  work,  it 
II  nut  l(c  necestsari'  to  include  here  so  complete  a  dest-ription  as 
mid  otherwise  be  the  ca,se,  since  tliis  information  can  be  obtained 
text  lKH>ks  treating  directiv  of  the  motor. 

THE  MOTOR 

The  theory  of  the  fptsolene  motor  is  that  a  mixture  of  air  and 
lolene  vapor  ia  drawn  into  the  cylinder  of  an  engine  and  ignited, 
ter  which  the  pressure,  due  Iw  the  expansion,  is  cause<l  to  perform 
'•"k  in  propriling  the  veliide.     The  essentia)  parts  are  the  cijlhider. 


^ 


(.  trank  shaft,  fy  wkcel,  inlet  and  exhaust  devices,  ignition  ar- 
[  'UlplDetit,  vafx/rizrr,  and  nie^ns  of  rmtJrol,  lugetlier  with  important 
I  DindeDtals,  such  as  lubrication  and  means  for  cooling., 

Cjltnder.     The  cylinder  of  the  engine  for  auto  use  is  usually  from 

I  Aw  til  six  inrhes  l»ore,  with  stroke  sf>metimes  longer,  sometimes 

irter,  but  quite  f;enerally  the  same  as  llie  liure.  Cast  iron  is  the  usual 

naterial  from  which  the  cylinders  are  made,  and  provision  for  cooling, 

lUrli  B-sa  water  jacket  .in  usually  cast  integral  with  the  cylinder,  allhou<;h 

uiic  (m)U«nitly  affixetl  in  the  form  of  a  sheet  metal  jacket  or   tins 

r  the  c\iinder  is  machined.     Tlicse  cvUnders  mav  lie  attached  to 


12  AUTOMOBILES 


the  crank  case  or  formed  with  part  or  all  of  the  crank  case  in  one  piece. 
Each  method  of  construction  has  its  followers  and  each  has  its  ad- 
vantages, according  to  the  design  of  motor,  crank  shaft  and  similar 
parts.  In  motors  of  the  type  first  used  on  DeDion  tricycles,  the  fly- 
wheels were  disks  enclosed  in  the  crank  case  and  forming  the  crank 
sides,  and  since  they  practically  filled  the  crank  case,  it  was  necessary 
that  this  be  made  in  separable  halves.  The  sepaiation  was  in  the 
plane  of  the  crank  rotation,  which  permitted  each  half  of  the  case  with 
its  long,  hardened  and  lapped  but  nonadjustable  bearing,  to  be  re- 
moved by  sliding  off  opposite  ends  of  the  crank  shaft.  The  cylinder 
was  held  to  this  case  after  the  halves  had 'been  brought  together,  by 
screws  or  bolts.  In  many  instances  the  head  of  the  cylinder  was  held 
against  the  cylinder  end  by  the  same  bolts,  so  that  the  cylinder  was 
actually  clamped  between  the  head  and*  the  case.  This  design  em- 
ployed a  cylinder  open  at  each  end,  making  a  quite  simple  casting  and 
facilitating  raachining. 

Other  cylinders  are  built  with  a  simple  head  screwed  in  position, 
and  with  the  ports  on  the  sides  of  the  cylinder  instead  of  forming  part 
of  the  head.  Air-cooled  cylinders  are  most  frequently  provided  with 
circular  flanges  spaced  one  to  three  times  their  thickness  apart,  and 
rising  above  the  cylinder  wall  from  two  to  ten  times  their  own  thick- 
ness. In  some  cases  these  flanges  are  of  sheet  metal  of  great  con- 
ductivity, as  copper,  forced  tightly  upon  the  smooth  wall  of  the  cylinder, 
or  they  are  of  smaller  pieces  attached  by  calking,  clamping  or  other 
effective  form  of  contact  in  or  to  the  cylinder  wall.  It  is  essential  for 
good  results,  that  the  cylinder  should  be  true,  particularly  when  hot, 
for  if  it  is  not  truly  round,  and  practically  parallel  throughout  its 
length,  the  piston  rings  will  not  fit,  and  will  not  retain  the  gases  which, 
leaking  past  the  piston,  leave  their  heat  in  the  cylinder  walls,  blow 
away  and  burn  up  the  lubricating  oil,  and  cause  excessive  heating, 
pounding,  loss  of  power,  premature  i^niition  and  even  cutting  of  the 
metal  surfaces,  destroying  both  piston  and  cylinder. 

Valve  Ports.  The  most  common  arrangement  of  the  ports  em- 
ploys a  pocket  or  passage  at  one  side  of  the  cylinder  head  in  which 
the  valves  and  frequently  the  sparking  parts  are  placed.  The  ex- 
haust valve  is  the  nearest  the  crank  shaft,  with  its  stem  extending  to- 
ward the  crank  sliaft  where  it  is  conveniently  operated  upon  by  the  cam 
on  the  half  time  shaft  which  lifts  the  valve  everv  second  revolution. 
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as  is  required  in  a  four  cycle  engine.    The  inlet  valve  is  placed  with 

its  stem  in  the  same  axial  line  but  projecting  in  the  opposite  direction, 

5^         and  is  held  closed  by  a  spring  and  opens  by  the  suction  of  the  piston. 

I  By  this  arrangement  the  cool  incoming  charge  strikes  the  exhaust 

>  valve  ami  sparker  parts  and  much  reduces  the  temperature.     Burnt 

gases  are  carried  out  of  the  pocket,  leaving  a  fresh  combustible  mix- 

ture  therein  which  contributes  to  certain  ignition. 

Recent  designs  have  employed  double  cam  shafts  on  opposite 
sides  of  the  motor  with  valve  pockets  likewise  on  opposite  sides,  the 
inlet  valve  l)eing  mechanically  opened,  and  arranged  the  same  as  the 
exhaust  valve.    These  double  pockets  increase  the  wall  of  the  com- 
pression space  and  therefore  the  loss  of  heat,  and  lessen  the  economy. 
To  avoid  this  increased  wall  surface  of  the  compression  space, 
nianv  constructors  now  place  the  valves  in  the  head  of  the  cylinder 
^th  their  stems  projecting  away  from  the  crank  shaft,  and  operate  the 
^^ve  bv  rocker  arms,  or  place  the  cam  shaft  beyond  the  cylinder  head 
and  drive  it  by  chain  and  sprockets  instead  of  gears. 

^Miatever  the  form  of  cylinder  and  fittings,  it  is  essential  that 

*"ere  be  good  compression,  or,  in  other  words,  that  the  contents  of  the 

^»nder  be  not  allowed  to  escape.    To  test  the  compression,  turn  the 

engine  by  hand  until  the  piston  comes  against  the  contained  gases 

^^  against  a  strong  spring,  and  judge  by  the  length  (»f  time  that  this 

^stance  continues  as  to  the  rapidity  of  the  escajx*.     A  tight  cylinder 

P^perly  lubricated  ought  to  resist  a  pull  on  the  starting  crank  for  a 

'^'nute  or  more  and  should  require  considerable  effort  to  force  the 

^^ne  past  the  compression.     The  operator  should  distinguish  be- 

^^een  high  compression  and  good  compression.     If  the  clearance  at 

^ne  head  of  the  cylinder  on  the  compression  dead  center  is  small,  the 

engine  is  known  as  **high  compression"  and  if  turned  quickly,  the 

resistance  will  \ye  high,  even  though  the  valves  or  piston  rings  may  be 

leaking  an<l  the  compression  therefore  not  good. 

Faulty  Compression.  If  the  compression  is  faulty  the  escaping 
gas  can  usually  be  heard,  announcing  its  escape  by  hissing.  The 
point  of  escape  must  then  be  found  and  will  usually  be  at  the  exhaust 
valve,  for  the  inlet  valve,  being  kept  cool  by  the  incoming  charge,seldom 
needs  attention.  If  the  passages  can  be  opened,  a  candle  flame  will, 
by  Its  flickering,  indicate  the  leak,  to  remedy  which  the  valve  must  be 
removed  and  ground.  Grinding  a  valve  consists  in  oscillating  it  upon 
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its  seat  until  the  high  spots  are  worn  down,  so  that  the  valve  beaisequal- 
ly  and  fully  all  around,  thus  making  a.  tight  joint.  Eour  emeij 
mixed  with  oil  is  usually  used,  but  a  tighter  and  smoother  job  maj  be 
secured  by  finishing  with  powdered  glass  or  sharp  sand  like  the  powdo 
from  the  water-trough  of  a  common  grindstone. 

If  the  leak  is  around  the  piston  rings,  new  rings  or  newlj  fitted 
pistons  may  be  needed.  To  avoid  damage  to  the  piston  or  cylindWi 
the  operator  should  stop  immediately  if  the  engine  begins  to  pound, 
smoke,  or  lose  power,  and  he  should  determine  the  cause  of  the  trouble 
l)efore  proceeding.  Lack  of  water,  a  broken  belt  on  the  codingfan, 
iir  liick  of  oil  will  usually  be  found  causing  the  trouble. 

Piston.  The  piston  is  the  moving  part  which  fits  into  the  cyliml** 
iiiiil  against  which  the  explosive  pressure  is  exerted  by  the  burning 
gases.     Pistons  are  usually  from  one  to  two  times  their  own  diamete* 


in  lni;r'li  iiml  Jtrc  proviik'il  with  two  U>  fmir  rings  at  the  bead  and 
:iii<l  occiisiiiniilly  with  ixio  riiij;  al  their  open  end.  They  are  unlike 
steatii  fn;rini.'  pisloLis  in  that  the  pressure  is  taken  on  the  head  end  only 
;tiiil  thai  they  .serve  as  cross  beads,  having  the  cctiinecting  rods  attached 
t"  wrist  pins  lilted  generally  about  niiiiway  tlie  length  of  the  piston. 
Tliis  wrist  |)in  orilinarily  piusses  through  the  piston  walls,  lugs  or  en- 
largements being  provided  interiorly  therefor.  The  wrist  pin  is 
usually  fixed  in  the  piston  and  the  end  of  the  connecting  rod  has  a 
bearing  thereon,  although  in  some  cases  the  pin  is  fixed  in  the  end  of  a 
r(»l  and  takes  its  bearing  in  the  piston,  by  which  means  a  larger  bearing 
surface  is  secured,  and  removable  bushings  arc  fitteil  in  from  t' 
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side  of  the  piston,  as  in  Rambler  autos.     The  head  of  the  piston  is 

qui le  commonly  flat,  but  is  frequently  concave  as  in  the  Durj-ea,  or 

convex  as  in  the  Autocar,  and  these  forms  are  stronger  and  lighter  than 

ihe  9al  head.     The  interior  of  the  head  is  sometimes  provided  with 

ndiating  wel»s  or  pins  as  in  the  Frayer-Miller.     The  piston  rings  are 

naullv  of  cast  iron  machined  to  a  diameter  larger  than  the  diameter 

of  the  piston  and  then  cut  so  as  to  be  compressed  to  the  cylinder  diam- 

tttr,  which  leaves  them  with  a  tendency  to  open  and  causes  them  to 

fit  dosdy  to  the  cylinder  wall.     They  should  l>e  fitted  carefully  to 

ibflr  grooves  in  the  piston,  and  it  is  particularly  important  that  their 

life  be  carefully  fitted  to  the  aides  of  the  groove,  so  as  to  make  a  gas 

tight  joint  and  prevent  the  escape  of  the  gag  under  the  ring.     Two 

"figs  are  often  fitte<l  in  a  single  groove  with  their  joints  in  different 

(*si lions,  and  a  third  ring  is  sometimes  placed  underneath,  which  also 

^i^es  to  close  the  joint.     Various  joints  are  used,  but  a  plain  cut  of  45 

''^pws  or  two  perpendicular  cuts  from  opposite  sides,  each  cut  being 

^n  Opposite  sides  of  a  dividing  line,  are  sometimes  used,  making  n  lap 

■'^'"t  that  is  reganled  &s  superior  to  the  diagonal  joint.     Care  should 

^  taken  in  removing  and  replacing  piston  rings  not  to  H]»ring  them 

^'^y,  for  they  will  seldom  return  to  their  original  shape  if  much 

***Used,  and  if  thej-  do  not  fit  the  cylinder  they  will  not  sene  their 

P'^fpose  properly. 

Connecting  Rods.  The  connecting  rod  attaches  the  piston  to  the 
^^nk  shaft,  and  since  auto  engines  are  desired  to  Ik-  compact,  these 
'^s  are  U  to  3  times  the  piston  throw.  They  i 
^nerally  of  I-beam  .section,  so  as  to  resist  the  alttT- 
**aiing  stresses  to  which  they  are  exposed,  but  an? 
'**(|Uently  of  I"-section;  particulariy  in  horizontal 
Engines,  so  that  they  may  catch  oil  and  direct  it  into 
the  bearings  and  thus  assist  in  efficient  lubrication. 
Connecting  rods  are  usually  made  of  forged  steel,  hut 
steel  castings  and  bronze  castings  are  sometimes 
Used.  The  wrist  end  is  very  frequently  solid  and  i 
fitted  with  a  bushing  for  the  wrist  pin,  but  in  many  '"^  ^'^' 
forms  this  end  is  provided  with  a  lug  at  one  side,  split  and  drawn 
together  for  adjustment  by  a  screw.  Occasionally  a  removable  cap 
is  fitted.  .\t  the  crank  end  the  removable  cap  is  the  more  com- 
mon construction.     Sometimes  this  cap  is  hinged  at  one  side  and 


onipact,  these 
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adjusted  by  a  single  screw  at  the  other.     Bushings  of  Babbitt  metal 
are  very  commonly  fitted  at  the  crank  end. 

Crank  Shaft.  The  crank  shaft  is  usually  of  a  high  grade  steel 
and  is  frequently  hardened  and  ground.  Bearings  are  provided  at 
short  distances  apart,  frequently  between  all  cylinders,  and  seldom  if 
'ever  farther  apart  than  is  recjuired  to  l>ring  two  cylinders  as  close  to- 
gether as  possible.  This  large  amount  of  bearing  surface  contributes 
to  long  life,  and  also  supports  the  crank  and  thus  prevents  danger  of 
damaging  the  bearings  by  strains  or  damaging  the  shaft.  A  wide 
variety  in  shafts  is  found,  depending  upon  the  type  of  engine,  the  num- 
ber of  cylinders,  the  class  of  bearings,  and  the  objects  of  the  designer. 
Where  ball  bearings  of  the  nonadjustable  type  are  used,  the  crank 


PMg.  12.    Crank  Shaft. 

shafts  have  been  built  up  in  short  pieces,  so  as  to  j)erniit  ])utting  the 
ball  bearings  into  position,  but  this  method  is  not  very  common. 
Shafts  are  fre(|uently  made  hollow,  both  in  the  shaft  proper  and  in  the 
crank  pin,  for  by  so  doing  nearly  one  fourth  the  weight  can  be  saved, 
with  little  decrease  in  strength. 

The  common  method  of  attaching  the  fly-wheel  to  auto  crank 
shafts  is  by  means  of  a  flange  integral  with  the  crank  instead  of  keyed 
on,  as.in  most  other  engine  practice.  The  web  of  the  fly-wheel  is  bolted 
to  this  flange  by  an  ample  number  of  bolts  to  hold  it  securely  and  yet 
[>ermit  easy  removal.  The  saving  in  space  lengthwise  of  the  crank 
shaft  makes  this  method  of  particular  value  in  a  vehicle  like  theDuryea, 

• 

w-here  the  width  of  the  bodv  limits  the  lentj:th  of  the  shaft  available  for 
the  engine  and  transmission  gear,  particularly  in  connection  with 
multiple-cylinder  engines.  The  crank  shaft  is  usually  provided  at  one 
end  with  ratchets  for  starting  purposes,  with  a  gear  for  driving  the 
cam  shaft  and  any  other  fittings  such  as  pump  or  magneto,  while  at 
the  other  end  the  fly-wheel  and  the  connections  for  the  transmission 
gear  are  placed. 
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In  ioiiie  cases  the  lly-wheel  is  on  the  eiiil  of  the  crank  shaft  oppo- 
atetbe  Inuumiwiun  gear,  but  this  is  not  considered  the  l>est  practice, 
Ifwiue,  in  MnJilfnly  setting  a.  dutch,  the  inertia  of  the  fly-wheel  is 
(nasniicial  llirough  the  shaft  to  the  transmission  gear,  causing  a  more 
m  lew  severe  stralr.  on  the  shaft  nnil  requiring  a  stronger  shaft  than 
»ii«Iil  otliewise  be  neccssar.'.  In  two-cylinder  engines  it  is  custora- 
itttu  tut  the  Ikii  crunks  of  the  shaft  opposite  each  other,  or  1^0° 
•(wrt.  ftlher  arrangements  have  l>een  used  but  have  not  been  found 
»' JMi.^fation,  lis  this.  In  three-cylinder  engines,  the  cranks  are  120° 
ifwn  mil]  ill  four-cyliniler  engines  ihey  are  180°  apart  or  the  same  as  if 
HfiinriKjliinlcr  cranks  had  been  Joined  end  to  end  with  the  two  outer 
fB<tuiis  mmiiig  together  and  the  two  inner  ones  together.  For  six- 
*7lin[|fr  engines  the  setting  is  the  same  as  if  two  three-cylinders  hud 
'«n  jifliiwl— the  inner,  intermediate  and  outer  pistons  respectively 
"""ing  together.  Three  beiirings  for  a  four-throw  shaft  and  four 
•'wnp  for  a  six-throw  is  tjuite  common  practice,  a?  is  also  five  and 
"^en  bearings  respectively.  A  few  engines  have  cylinders  which 
'*^ve  Rrmind  a  stationary  crank  shaft,  and  in  these  a  single  throw 
••wftuMuuidlv  «se«l,  the 


Ailiuiis .  Farwell    having 
*i^*  nmwcting  nxis   af- 
ihc    single 


Iw-tiwl 


TMlIt 


pui. 


When  the 


™9nt  "  knocks "  at 
f^y  wbether  hot  or 
"'''1.  s  liMHie  connecting 
"^  "f  loose  fly-whc-el 
*''|"iM  k  liHikwI  for,  lest 
'fit  sliaft  be  hmken  by 
"*  cnifdantlv  repealeil 

,  •  r  up,  1^.    uiisciu-updigiTi^wiir  Kevoiniisiyiuni'TS 

Hy-Whecl.  The  fly-wheel  of  a  gas  engine  is  a  sort  of  necessary 
ril.  Snce  in  a  four-cycle  engine  there  are  three  idle  piston  strokes  to 
Mirorlcrng  3tri>ke,  a  fly-wheel  is  neces.sarj-  to  store  up  the  energy  of 
eonf  working  stroke  and  cany  the  engine  steadily  through  the  three 
Ic  strokw.  In  a  slngle-ojliiKler  engine  this  fly-wheel  must  be  of 
nsidrnihle  size,  weighing  when  used  with  a  cylinder  of  4i  x  4^ 
150  to  200  pounds.     Willi  two  cylinders  there  are  double  the 
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numher  of  explosions  and  consetiiiently  only  one  idle  stroke  between 
the  working  strokes,  so  the  fly-wheel  can  be  reduced  in  weight  neariy 
one  half.  With  three  cylinders  the  working  strokes  follow  each  other 
with  hilt  one  sixth  of  a  revolution  intermission  and  a  55-pound  fly- 
wheel, as  used  on  the  Duryea,  after  a  long  experience  with  a  variety  of 
weights,  serves  nicely.  A  three-cylinder  engine  may  be  run  without 
any  fly-wheel  whatever,  but  this  is  not  consideretl  practical,  although  a 
25-pound  fly-wheel,  IS  inches  in  diameter,  serves  quite  well  in  a  12 
H.  P.  engine,  for  all  except  verj-  slow  spee<ls,  at  which  the  separation  of 
impulses  Itecomes  so  pronoiinceil  that  is  is  disagreeable. 

In  order  that  the  weight  may  be  as  little  as  possible,  the  flv-whed 
is  made  of  the  largest  practicable  diameter  and  the  weight  is  kept  as 
fully  in  the  rim  as  iii.iy  be.  In  many  cases  die  interior  surface  of  the 
fly-wheel  rim  is  used  to 
fonn  the  clutch  surface, 
while  the  magneto  pul- 
ley or  pump  pulley  is 
driven  by  friction  against 
the  outer  surface,  which 
]    '•^^^■'•■r—^^Ji  in  .some  cases  also  ser\'es 

'  CiiEM^ r'TtT'  "^  '''*'  ''"^''"^  ^^^  ^*^^  '^ 

'    flittB:'       '  Jl  fanWIt.   The  spokes  are 

'■^^Hl^^^       'Uf  .''(Tcw-pnjpeller  shaped  in 

Jl     '^BlH    ,""  some  instances,  to  throw 

air  forc(X)ling.  In  others 
the  face  of  the  wheel  is  a 
plane  and  is  used  for 
a  fiictiiin  disc,  with  the 
cdfje  of  another  disc 
bearing  against  it,  and 
FtK.u.  s..cii.mi.f  (;a.>.ii,.ii..iCin!iii.'.Hhi™iiii.-  sliif(al>!e  to  vary  the 
.s|H'ed  of  the  driven  disc. 
Crank  Case.  In  ii  tw.wycle  engine  the  crank  .shaft  is  usually 
enclo.scd  in  a  tight  vn^v  arranged  t<)  hold  pressure  to  ihe  amount  of  5 
or  10  jvnuuls  under  running  conditioii.H,  although  strong  enough  to 
hold  an  explosion  which  may  stmietinies  occur  in  the  crank  ease.  The 
cylinder  is  pnmilcd  with  piirt.s  uncovered  by  the  pistim  at  one  end  of 
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the  stroke,  which  serve  to  exhaust  the  burnt  charge  and  admit  the  new 
charge  from  the  crank  case  into  the  cylinder  proper.  Most  two-cycle 
engines  Ure  further  provided  with  an  inlet  port  uncovered  at  the  oppo- 
site end  of  the  stroke  to  admit  a  new  charge  from  the  vaporizer  into 
the  crank  case,  where  it  is  compressed  by  the  return,  ready  to  pass  into 
the  working  end  of  the  cylinder  on  the  opening  of  the  transfer  port. 
Some  two-cycle  engines  have  valves,  usually  of  the  poppet  type,  to  pass 
the  unbumed  gases,  but  these  are  generally  automatic  and  do  not  add 
much  complication. 

In  the  four-cycle  engine,  the  cylinders  serve  the  double  purpose  of 
containing  the  working  charge  during  one  revolution  of  the  shaft,  and 
the  new  charge  during  the  next  revolution,  thus 
avoiding  the  use  of  the  crank  case  as  a  charge- 
containing  chamber,  but  requiring  two  revolutions 
instead  of  one  per  explosion  as  in  the  two-cycle 
engine. 

Valve  Action.  To  accomplish  this  result  with  a 
single  cylinder,  valves  are  used  both  for  inlet  and  ex- 
haust, which  are  operated  ordinarily  by  a  half-time  shaft 
fitted  with  cams  arranged  to  open  their  respective  valves 
during  substantially  one  stroke  of  the  four  strokes 
forming  the  cycle.  The  exhaust  valve  is  opened  about 
20  to  25  degrees  ahead  of  the  crank  shaft  dead  center, 
and  closed  at  the  opposite  dead  center  one  stroke  later. 
The  inlet  valve  immediately  opens,  and  it  closes  at 
the  end  of  the  next  stroke  one  revolution  after  the 
exhaust  valve  opens.  Both  valves  remain  closed  dur- 
ing the  compression  and  working  strokes. 

These  valves  are  variously  placed  according  to  the  ideas  of  ihe 
designer.  A  common  arrangement  places  them  in  the  head  of  the 
engine  with  stems  projecting  from  the  crank  shaft,  in  which  position 
they  are  usually  opened  by  rocker  arms  and  plungers  actuated  l)y 
cams  on  the  half-time  shaft  located  in  the  crank  case.  In  a  great  num- 
bei  of  instances  the  cylinder  or  cylinder  head  is  providefl  with  a  port 
passage  or  pocket  on  one  side  of  the  cylinder  head  and  the  exhaust 
valve  is  seated  therein  with  its  stem  projecting  toward  the  crank  shaft. 
The  inlet  valve  may  be  similarly  seated  in  a  similar  pocket,  or  in  the 
same  pocket  with  the  stem  projecting  in  the  opposite  direction.     An 


Fig.  15.    DLi- 
gram  of 
Muffler. 
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advantage  of  having  the  inlet  valve  in  the  same  pocket  is  that  the  in- 
coming charge  cools  the  exhaust  valve  and  also  the  sparking  parts, 
which  are  frequently  located  in  the  same  pocket  entering  through  the 
side  thereof,  or  as  in  the  Duryea,  through  the  exhaust  valve  stem.  It 
is  evident  that  one  pocket  requires  less  cylinder  wall  than  two  and 
therefore  loses  less  heat  to  the  cooling  system. 

The  size  of  the  valves  depends  much  upon  the  speed  requires! 
and  should  be  quite  large  if  a  high  speed  is  desired.  Ven'  satisf acton- 
practical  results  are  obtained  by  making  the  exhaust  valve  one  third 
the  piston  diameter  and  the  inlet  valve  one  fourth,  although  to  save 
variety  of  parts,  some  designers  use  the  same  size  valves  in  lx)th  in- 
stances, but  do  not  lift  the  inlet  valve  so  high.  Variable  lift  valves  are 
much  in  favor  because  this  prevents  unnecessarj'^  valve  movement  with 
consequent  wear  and  noise.  In  some  cases  this  variable  lift  is  secured 
by  introducing  a  wedge  between  two  parts  of  the  lifting  mechanism, 
and  In  other  cases  by  holding  the  valve  against  more  than  a  limited 
lift  in  response  to  the  suction  of  the  piston,  as  in  the  variable  lift  inlet 
valves  of  the  Duryea. 

Auxiliary  Exhaust.  In  onler  to  get  rid  of  the  excess  heat,  and 
relieve  the  regular  exhaust  valve  of  part  of  its  duty,  some  engines  are 
provided  with  an  auxiliarj-  exhaust,  consisting  of  a  port  through  the 
cylinder  wall  uncovered  by  the  jMston  at  the  end  of  the  working  stroke, 
as  in  ihi'  Fredonia  and  Franklin  machines.  It  is  eonsidereil  advisable 
to  provide  this  port  with  a  cheek  valve  to  prevent  back  pressure  from 
the  niufner  from  re-eiiteriii<^  and  lessening  or  possibly  i^nitin^^  the 
new  chartj^e;  althoufjjh  this  is  probably  not  so  necessary  in  single  or 
double  cvlinder  eut^intvs.  Manv  desimiers  consider  the  auxiliarv  valve 
as  an  uniiec(\ssary  coniplicjition,  used  only  where  the  regular  valve  is 
ina(le([uat(\ 

Muffler.  Connected  with  the  exhaust  ojx'ning  by  piping  of 
convenient  length,  is  the  nuifiler,  eonsistin«j;  usually  of  several  chanil)ers 
generally  cylindricjil,  and  havino;  walls  of  slu^et  iron.  This  device  has 
usually  several  times  the  capacity  of  the  cylinders,  which  permits  the 
exhaust  gases  to  expand  considerably  and  exposes  them  to  the  cool 
walls,  thus  reducing  their  volunu*  by  cooling,  so  that  as  they  escape 
to  the  atmosphere  they  make  nuich  less  noise  than  if  pennitted  to 
escape  without  Ihe  intervention  of  the  muffler.  ]\[ultiple  passages  as 
well  as  multiple  chandnTs  are  usually  provided,  and  the  silencing 
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effect  seems  to  be  largely  derived  from  interference  of  the  sound  waves 
and  gaseous  impulses. 

Most  mufflers  offer  some  back  pressure,  but  if  of  sufficient  size, 
and  provided  with  three  to  six  chambers,  the  exhaust  of  the  ordinary 
auto  engine  can  be  silenced  as 
effectually  as  other  noises  about 
the  vehicle,  with  so  little  back 
pressure  as  to  not  be  perceptible 
in  the  propulsion  of  the  vehicle 
if    a  cut-out  is  used.     Mufflers 

sometimes     clog    with    soot    and  ^^'^    Momer  and  Cnt-Ont. 

dust  and  do  not  permit  free  escape  of  the  gases,  particularly  at 
high  speed.  The  large  part  of  the  burnt  charge  remains  in  the 
cylinder  and  prevents  the  entrance  of  a  new  charge,  with  con- 
sequent failure  to  produce  power.  Muffler  explosions  are  due  to 
misse<l  fires  in  the  cylinders,  which  allow  the  unbumed  charge  to  pass 
to  the  muffler,  where  it  is  ignited  by  the  next  exhaust  and  explodes 
quite  noisily,  and  sometimes  to  the  damage  of  the  muffler.  Muffler 
cut-outs  are  often  use<l  on  hills  or  where  great  power  is  needled,  and 
they  avoid  any  back  pressure  from  the  muffler. 

Vaporizers.  Connected  to  the  inlet  ports  is  the  device  for  mixing 
the  liquid  fuel,  commonly  gasolene,  with  the  proper  proportion  of  air  to 
make  an  explosive  mixture.  Formerly  this  was  done  by  a  de\'ice  for 
passing  the  air  through  the  liquid  containe<l  in  the  tank,  termed  a 
carburettor,  and  while  gooil  results  were  obtaine<l  therefrom,  it  was 
more  delicate  and  not  so  satisfactory'  to  a^ljust  for  vaiying  weather 
conditions  as  the  devices  now  used.  Present-flav  devices  are  modifica- 
tions  of  the  well-knoT^n  atomizer  use<l  for  [)erfume  and  medicine 
sprays,  and  might  Ijetter  be. termed  mixers  or  atomizers  than  carbu- 
rettors. Since,  however,  the  liquid  after  l)eing  spraye<l,  is  intended  to 
\ye  vaporized  before  ignition,  a  common  and  correct  term  for  this  de- 
vice is  vaporizer.  There  are  many  modifications  of  this  device  but  in 
general  it  consists  of  a  small  gasolene  chamber  in  which  the  level  of 
the  liquid  is  controlled  more  or  less  perfectly,  by  a  float,  the  chamber 
l)eing  vented  so  as  to  permit  admission  or  abstraction  of  liquid  without 
establishing  a  compression  or  vacuum. 

From  the  float  chamber  a  small  passage,  usually  controlled  by  a 
needle  valve,leads  to  the  spraying  tube,  which  is  so  placed  that  the  air 
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drawn  in  by  tlie  suction  stniko  of  the  eiiRine  must  pass  the  point  of  tlie 
tube,  and  in  passing,  suck  out  and  spray  the  gasolene  in  the  re<juire(l 
tiianner.    In  order  to  give  tlie  air  greater  speed  and  a  more  pQwerful 


effect,  it  IS  customary  to  make  tlie  air  tube  contracted  at  the  point 
where  It  passes  the  spray  tul>e,  although  ver\-  satisfactory  vaporizers 
have  lieen  produced  without  this  ino<Hfication.  Since  at  high  speeds 
the  licjuid  gasolene  flows  more  than  proportionately  fast  as  compared 
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with  the  air,  it  is  (piite  foinmon  to  provide  a  light  valve,  spring  closed, 
to  be  openefl  by  the  increased  su<rtion  as  the  speeds  increase  and  to 
admit  air  in  proper  quantity  to  compensate  for  the  increased  amount 
of  gasolene.     This  valve  in  some  fonns  is   actuated  by  a  large  dia- 


ATTTOMOBILRS 


jthra^m,    as    in    the    Krebs,   uiid   is   sometimes   provided    with  a 
da.sh-]K>(. 

Ill  some  vaporijwrs  the  air  and  f^asitleiie  <i{)eiiitij^  are  varied  by 
(he  thruttle,  which  is  also  variei )  to  i-oiitnil  the  speetl  of  the  engine,  and 
since  the  screw  threads,  or  devices  controlling  the  variation,  may  be 
made  as  desiretl,  a  fairiy  constant  ({uality  of  mixture  may  be  secured 
from  vaporizers  of  this  type,  subject,  however,  to  the  fault  that  if  the 
throttle  is  open  wide  but  the  engine  running  slowly,  the  adjustment 
intended  for  high  speed  will  tie  in  operation  at  low  speed,  and  thus  is 
not  so  satisfactory  as  an  automatic  suction-operated  arrangement. 
The  eariy  Kingston  carburettor  was  of  the  throttle-controlled  type. 
In  still  another  type,  of 
which  the  Duryea  is  an 
example,  the  air-flow 
passes  through  an  open- 
ing fixed  in  .size  except 
for  starting,  but  the  ga.s- 
olene-flow  is  varied  by 
lowering  the  level  in  the 
float  chamber  at  high 
speeds.  This  is  aceom- 
plished  by  the  use  of  a 
chamber  slightly  larger 
than  the  float,  .so  that 
little  or  no  resen'e  gas- 
<ilene  is  carried,  and  this 
is  drawn  out  immediately  at  high 
and  open  the  passage  into  the  float  chaml)er.  The  float  is  provideil 
with  a  long  taper  point  which  requires  a  considerable  movement  of  the 
float,  in  obedience  to  the  a>nsi<lerable  variation  of  the  gasolene  level, 
inonlertosupply  the  amount  of  fuel  ne«led  at  highspeed. 

In  still  another  form,  invente<l  by  Dunlop,  of  pneumatic  tire 
fame,  the  gasolene  passage  is  impede<l  by  a  saw-toothed  wire,  against 
which  teeth  the  gasolene,  at  speed,  impinges  with  such  violence  as  to 
obstruct  its  flow  and  le.ssen  the  amount  passing  from  the  spray  tube. 
Still  another  form  of  mixing  device  does  not  use  the  float  chamber, 
but  admits  the  air  and  ga.siilene  through  proportionate  valves  closed 
by  a  spring  and  opened  hy  the  suction  of  the  motor  with  <onse<)uent 
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■ansing  the  float  to  fidl 
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admission  of  proportionate  amounts  of  litjuid  and  air.  The  original 
Winton  and  the  T^unkenheimer  generator  valves  were  of  this  kind. 

Vaporization.  The  vaporization  of  a  liquid  requires  heat,  which, 
in  tlie  case  of  a  gas  engine  vaporizer,  is  usually  obtained  from  the  air 
with  the  result  that  the  temperature  is  decidedly  lowered  where  the 
vaporization  takes  place,  viz.,  between  the  spray  tube  and  the  engine, 
principally  near  the  spray  tube.  If  the  atmosphere  contains  much 
moisture,  this  cooling  effect  causes  a  deposit  on  the  walls  of  the  vapo- 
rizer or  its  tubing,  which  is  frequently  frozen,  forming  slush  or  white 
frost,  sometimes  to  such  a  degree  as  to  actually  close  the  passage  and 
prevent  further  formation  of  proper  mixture,  with  consequent  stoppage 
of  the  engine.  To  prevent  this  and  to  insure  a  more  homogeneous 
mixture,  heat  is  usually  supplied  by  drawing  the  air  from  near  some 
heated  portion  such  as  the  exhaust  pipe  or  exterior  walls  of  the  cylin- 
der, or  by  applying  heat  to  the  outside  of  the  vaporizer  or  pipes  by 
directing  some  of  the  exhaust  gases  against  them,  or  by  surrounding 
the  parts  with  warm  water  from  the  water  jacket.  No  method  secures 
absolutely  perfect  results,  for  atmospheric  conditions  vary  so  widely 
from  day  to  day  that  only  constant  readjustment  can  meet  the  varying 
conditions. 

Vaporizer  troubles  are  usually  due  to  improper  adjustment,  the 
mixture  being  either  too  poor  or  too  rich.  If  the  engine  will  run,  the 
adjustments  can  bo  varied  and  the  result  noted,  while  over-rich  mix- 
tures will  be  quite  apparent  by  the  odor  of  carbon  monoxide  in  the 
exhaust.  If  the  engine  will  not  run,  test  the  mixture  in  the  cylinder 
by  removing  a  spark  plug  or  peep  cap  and  applying  a  flame,  being 
careful  not  to  get  fingers  or  face  in  front  of  the  opening.  If  the  mixture 
bums  bluish  with  little  violence,  it  is  too  poor,  but  if  it  bums  yellow 
and  slow,  it  is  too  rich.  A  proper  mixture  explodes  with  a  violent 
outrush  of  gas. 

Frost  in  the  air  tube  will  so  obstruct  the  passage  as  to  prevent  the 
entrance  of  a  new  charge  and  produce  loss  of  power  much  like  a  choked 
muffler.  A  little  hot  water  will  cjiiickly  warm  the  pipe.  Water  or  ice 
in  the  gasolene  will  cause  trouble  unless  removed.  The  water  fre- 
quently manifests  its  presence  on  rough  roads,  and  a  drop  of  water 
in  a  passage — which  will  not  obstruct  the  flow — has,  when  frozen, 
completely  shut  off  the  gasolene.  Dirt  particles  also  must  be  guarded 
against. 
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Excess  Cooling.  Since  the  auto  engine  is  a  heat  engine  it  is 
desirable  that  it  be  as  hot  as  is  permissible,  in  order  that  the  heat  may 
be  utilized  for  work  instead  of  passing  into  cold  walls  and  being 
wasted.  It  is  well  known  that  a  cold  engine  runs  with  little  power  until 
warmed  up,  and  while  part  of  this  lack  of  power  may  be  due  to  the 
stiffness  of  the  lubricating  oil, — since  this  is  intended  to  resist  a  high 
heat  and  must  be  of  high  fire-test  and  of  considerable  body — ^much  of 
the  lack  of  power  is  due  to  the  cooling  effect  of  the  cold  walls,  which 
absorb  the  heat  from  the  burning  explosive  charge  and  reduce  the 
pressure  that,  with  hot  walls,  would  be  expended  in  doing  active  work 
against  the  piston.  Tests  have  been  made  which  show  that  a  very 
perceptible  increase  of  power  results  from  the  use  of  hot  water  for 
cooling  instead  of  cold  water,  and  stationary  engineers  who  have 
permitted  a  flow  of  water  through  the  water  jacket  so  rapid  as  to  keap 
the  jacket  and  walls  cool  enough  to  not  be  uncomfortable  to  the  hand, 
have  found  a  very  decided  increase  in  power  when  the  water  was  caused 
to  flow  more  slowly  and  leave  the  jacket  substantially  at  the  boiling 
temperature. 

It  is  now  generally  admitted  that  a  temperature  slightly  below 
boiling  is  most  satisfactory  where  water  is  used  for  cooling;  for  if  the 
water  does  not  lx)il,  no  steam  is  formed,  and  no  parts  in  the  water 
jacket  are  left  without  water,  with  possible  danger  of  overheating. 
These  facts,  now  well-known,  prove  the  theory  that  a  heat  engine 
should  be  run  hot  in  order  to  give  most  efficient  results,  and  it  is  the 
aim  of  designers  to  so  design  their  productions  that  no  parts  shall  be 
over-hot  but  that  all  shall  have  as  high  a  temperature  as  is  permissible. 
The  principal  limitations  are  premature  ignition  and  faulty  lubrication. 

Premature  Ignition  is  objectionable  because  of  the  negative  work 
done  on  the  piston  before  it  passes  the  dead  center,  which  not  only 
results  in  lost  power,  but  usually  in  a  decided  knock  or  pound,  annoy- 
ing to  the  passengers  and  destructive  to  the  bearings.  Since  a  poor 
mixture  ignites  less  easily  than  a  rich  one,  premature  ignition  can  be 
frequently  lessened  and  sometimes  avoided  by  varjing  the  quality  of 
the  mixture — a  proceeding  which  also  adds  to  the  economy.  Since 
compression  heats  the  explosive  charge,  nearly  proportionate  to  the 
amount  of  the  compression,  an  engine  designed  to  run  hot  should  have 
a  large  compression  space  Avitli  consecjuent  low  compression.  The 
increased  economy  of  the  less  rich  mixture  in  conjunction  with  the 
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hot  cylinder  walls  largely  balances  the  loss  of  power,  due  to  the  lessened 
compression  and  since  the  engine  with  low  compression  runs  steadily 
with  a  smaller  fly-wheel,  there  is  a  perceptible  saving  in  weight  in  a 
motor  vehicle  and  consequently  less  need  of  power. 

It  is  also  apparent  that  with  a  high  compression  and  a  small 
compression  space,  the  pressure  at  the  beginning  of  the  stroke  is  very 
high  but  falls  rapidly  because  the  length  of  the  stroke  is  quite  large  as 
compared  to  the  size  of  the  compression  space,  whereas  with  a  low 
compression  the  initial  pressure  is  not  high  and  the  compression  cham- 
ber is  of  large  volume  as  compared  with  the  length  of  stroke,  so  that 
the  pressure  is  reduced  less  rapidly  and  the  result  is  more  nearly  like 
that  given  by  a  steam  engine  than  is  the  action  in  a  high  compression 
cylinder. 

Because  of  these  facts  a  low  compression  cylinder,  rather  large 
for  the  power  required,  but  because  of  the  low  compression,  light  in  all 
its  parts,  including  fly-wheel,  and  designed  to  run  comparatively  hot, 
is  considered  best  for  auto  work  by  many  good  authorities.  It  has 
been  frequently  noticed  that  an  air-cooled  engine,  will,  for  a  short 
period,  develop  more  power  than  a  water-cooled,  and  this  is  explained 
by  assuming  that  the  walls  become  much  hotter  than  the  temperature 
of  boiling  water,  on  which  account  the  engine  is  more  efficient  up  to 
and  until  the  point  of  overheating  is  reached.  After  this,  loss  of 
power  occurs,  either  because  of  premature  ignition  or  lack  of  lubrica- 
tion, or  possibly,  because  at  verj^  high  temperatures,  the  cylinder  walls 
or  the  piston  w^arp  sufficiently  to  no  longer  fit  each  other  and  thus 
permit  the  escape  of  the  gases  with  consequent  loss  of  power.  While 
higher  temperatures  may  be  with  advantage  used  in  future,  it  seems 
safe  to  assume  that  in  the  present  state  of  the  art,  a  temperature  not 
greatly  in  excess  of  boiling  water,  is  most  preferable  in  present  auto 
engines. 

Lubrication.  Faulty  lubrication  of  an  engine  cylinder  may  be 
due  to  the  improper  fire  test  of  the  oil,  to  improper  methods  of  apply- 
ing the  oil  to  the  surfaces  requiring  lubrication,  or  to  improper  fits 
between  those  surfaces,  which  pennit  the  escaping  gases  to  blow  the 
oil  away  from  tlie  surfaces,  leaving  them  diy  and  therefore  increasing 
their  heat,  both  l)y  the  friction  of  the  nonlubricated  parts  and  by  the 
heat  of  tlie  escaping  gases  which  is  absorbed  by  the  parts.  It  is  now 
pretty  generally  recognized  that  auto  cvlindcrs  recjuire  oil  of  the  high- 
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est  i|uali^,  and  that  cheap  and  dirty  oil  sometimes  sold  as  gas  engine 
ctl ,  is  not  suited  for  this  work. 

An  oil  suited  to  steam  engines  using  superheated  steam,  will  in 
almost  all  instances,  give  excellent  satisfaction  in  auto  engines.  The 
makers  of  the  vehicle  will  ^adly  advise  what  oil  should  be  used  in 
eoniKdion  nnth  their  product,  and  when  a 
good  oil  is  once  found,  it  is  wisdom  to  continue 
its  use.  If  an  oil  is  too  thin  it  does  not  protect 
the  metal  surfaces  properly  and  does  not  make 
tgood  packing  nor  properly  assist  the  rings  in 
Mding  the  pressure.  If  of  too  low  fire-test, 
it  Ixnis  away  as  a  blue  smoke  or  vapor  and 
leaves  the  surfaces  dry,  frequently  causing 
dtem  to  cut,  and  sometimes  ruining  the  cylin- 
der or  stopping  the  motor.  A  sudden  loss  of 
ptnrer  without  apparent  cause  may,  with  good 
WsoD,  be  looked  for  in  the  cylinder,  since 
Ivk  of  lubrication  makes  a  great  difference  in 
llie  triction  of  the  piston,  even  though  the  parts 
ue  not  cutting  or  have  not  seized.  An  ex- 
«savely  (hick  oil  with  needlessly  high  fire-test  has  no  disadvantage 
ocept  that  being  stiffer  when  cold,  the  engine  is  more  difficult  to 
stut  Such  oils  are  decidedly  more  economical  because  they  wear 
KK>ger  and  need  be  fed  less  rapidly.  Good  auto  oils  usually  have 
fifNests  ranging  from  600  to  800  degrees. 

It  tor  any  reason,  proper  oil  cannot  be  had,  an  oil  of  lower  fire- 
'fstcan  frequently  t>e  used,  but  it  must  be  fed  in  larger  quantity  and 
nwre  carefully  watched  to  make  sure  that  it  is  serving  its  pur])ose, 

Water  Cooling.  Consideration  of  the  above  facts  will  show  the 
importance  of  proper  cooling,  and  something  of  the  loss  due  to  ex- 
<*ssive  cooling.  In  a  water-cooled  engine,  the  water  being  uncon- 
""«),  cannot  become  hotter  than  212°  and  may,  with  little  trouble,  be 
«pt  nearly  at  this  point,  which  is  admitted  to  be  most  salisfactorj-,  so 
Wis  present  experience  goes.  Further,  since  water  in  lioiling  ab- 
■""^Bagreat  volumeof  heat,  commonly  termed  latent  beat,  in  its  con- 
version into  ste»m,  it  is  especially  adapted  to  the  work  of  cooling.  Au 
'"'lease  of  work  on  the  part  of  the  engine,  with  ronse(|iieHt  increusefl 
'Wdopment  of  heat,  simply  increases  the  rate  of  iKiiiing  without  in- 
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crea.sing  Ute  temperature  uppretiably,  and  thus  avoids  waq)mg  the 
cylinder  wall  or  vaporization  of  tlie  lubricating  uil. 

A  most  efijcient  cooling  system  consists  of  a  tank  or  reservmr  of 
water  almve  the  engine,  piped  to  enter  the  water  jacket  on  llie  uiiiler- 
side  and  to  return  from  the  water  jacket  to  llie  tank  on  the  upper  a'de 
of  the  engine,  which  return  carri&s  off  any  steam  that  may  !«■  formed  i" 
the  water  jacket,  which  steam  lielng  ligiiler  ihaii  the  water,  cau.?** 
the  water  with  which  it  is  mixed  to  move  rapidly  upward  out  of  ihe 
water  jacket  ajid  to  be  replaceii  by  cooler  water  from  the  tank,  Thb 
metho<I  of  circulation  is  known  as  the  natural  or  thermo-syphon 
method,  and  is  preferreil  by  many  designers  Ijecause  of  ita  simplicity. 
When  it  is  not  convenient  to  use  natural  circulation,  a  pump,  driven  by 
the  engine,  is  introduced  in  the  circuit  and  forces  the  water  rsiMdly 
enough  to  nearly  or  quite  prevent  boiling  under  pxtT«ne  conditions. 
A  foroeii  drculation,  how- 
e\er,  is  not  so  good  as ibr 
natural  l>ecause  it  Is  not  sS" 

-     »  r       _^fc        regulaling,  and    therefore  if 

k  ^^^Mn^M^^^^^^^^H  is  fast  enough  to  meet  the 

^  ^^^^^^^^^^^^^^^^H  neeils         the  undtt 

eslreme  conditions,  it  tig 
ually  too  fast  under  ordiqj 
Ai  ^^^^^^^^^^^^^^^^H  k  iind    results  ' 

^L   ^^^^^^^^^^^^^^^^1  the   temperature 

|l  ^^^^^^^^^^^^^^^1         the  in  the  water 

^  ^^I^^B^^^^^H  '>^'*^"  ^''^  P 

m  J^^      -^^^       and     therefore     below 

point  of  greatest  efficiem 

To  overcome  this  obje^ 
tion,  some  designers  employ  natural  circulation  between  the  engin*! 
and  the  small  tank  liK-atetl  near  aiul  above  it,  and  employ  a  pump 
wiili  radiator  for  tJie  pur]>ose  of  preventing  the  water  in  the  tank 
from  getting  too  hot  to  condense  the  sleuni  that  may  pass  into  it  from 
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lure  of 
■  jacket 
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engine.     This  arrangement  gives  the  lienefit  of  both  systems  with 


tiie 

but  little,  if  any,  increased  ctimpHcation. 

Since  an  auto  engine  of  large  power  develops  much  heat,  a  goocfly 
quantity  of  which  passes  away  through  the  cooling  system,  It  is  qui 
evi<lent  that  die  water  in  the  tank  will  soon  l)tTome  boiling  hot  U 
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provision  is  made  for  cooling  it  by  the  air  through  which  the  vehicle 
passes.  It  was  formerly  quite  common  to  provide  the  tank  with  air 
tubes,  thus  greatly  increasing  the  amount  of  surface  exposed  to  the  air 
and  permitting  a  more  rapid  escape  of  the  heat.  Other  designers  em- 
ploy pipes  either  plain  or  with  radiating  fins,  so  as  to  still  more  largely 
increase  the  radiating  surface  exposed  to  the  air.  Still  others  make 
their  water*  tanks  almost  wholly  of  air  tubes,  with  very  small  water 
spaces  between,  thus  getting  into  a  small  radiator  a  great  many 
square  feet  of  cooling  surface.  In  this  form  of  radiator  it  was  found 
that  the  natural  circulation  of  the  air  is  very  slight  because  of  the  small 
size  of  the  passages,  so  fans  driven  by  the  motor  are  most  frequently 
used  to  either  draw  or  force  the  air  through  these  radiators  at  a  rapid 
rate  and  with  great  cooling  effect. 

A  further  advantage  of  the  air-fan  in  connection  with  the  radiator 
is  that  the  cooling  is  not  dependent  upon  the  speed  of  the  vehicle  nor 
the  force  of  the  wind  but  is  varied  by  the  speed  of  the  motor,  and  there- 
fore more  nearlv  meets  the  neeils  of  the  motor  than  anv  other  system 
excepting  the  natural  system,  first  mentioned.  If  for  example,  as  in 
hill  climbing,  the  motor  is  running  slowly,  but  with  full  charges,  much 
heat  is  developed,  but  the  fan  also  moves  slowly,  with  very  little  cooling 
effect,  whereas  in  the  natural  system,  until  the  water  begins  to  boil, 
the  circulation  is  verj'  slow  and  the  more  rapid  the  boiling,  the  more 
rapid  the  circulation  l>ecomes.  This  results  in  a  truly  thermostatic 
circulation,  regardless  of  motor  or  vehicle  speeds,  due  to  the  difference 
in  density  of  the  cool  water  in  the  radiator  and  the  hot  water  containing 
more  or  less  steam  in  the  jacket  which  is  sufficient  to  meet  the  recjuire- 
ments  of  some  engine  <lesigns.  In  others,  a  pump  to  circulate  the 
water  is  used. 

There  have  l)een  employe<l  steam  condensers  in  connection  with 
the  water  jacket  by  which  arrangement  no  water  tank  nor  pump  is 
needed,  l)ecause  the  slight  amount  of  water  in  the  jacket  when  turned 
to  steam,  is  condensed  by  the  condenser  and  at  once  returned  to  the 
jacket.  Practically  all  water-cooled  engines  form  steam  at  some  time, 
which,  not  l)eing  provi<led  with  suitable  condensing  surface,  escapes 
from  the  system,  thus  requiring  occasional  addition  of  water.  It  is 
considered  advisable  to  have  a  tank  of  water  above  the  cvlinder 
jacket,  so  that  the  cohl  water  may  con<lense  this  steam  and  also  alvvays 
keep  the  cylinder  filled.     This  tank  carries  from  two  to  ten  gallons. 
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Most  radiators  are  tubular  and  on  the  tubes  are  fitted  and  solder- 
ed disks  of  metal,  which  serve  to  conduct  the  heat  from  the  water  out 
to  the  air,  which,  by  the  passage  of  the  vehicle,  is  thrown  a^-ainst  the 
metal  surfaces.  These  flanges  are  formed  in  some  instances  by  crimp- 
ing a  strip  of  metal  along  one  edge  and  winding  it  spirally  around  the 
tube,  the  crimped  edge  l)eing  soldered  to  the  tube.  This  avoids  wast*, 
of  metal  and  makes  a  verj-  efficient  radiator.  The  height  of  the  disk 
edges  above  the  tube  is  usually  ^  to  }  an  inch  or  about  10  to  20  times 
the  thickness  of  the  metal,  the  smaller  sizes  being  most  efficient. 

In  some  cases  the  water  tank  is  cooled  by  tubes  passing  through 
it,  which  permit  a  flow  of  air.  These  tanks  vary  from  those  of  large 
water  capacity,  having  a  half 
dozen  or  more  one-inch  tubes, 
to  tanks  of  small  contents  com- 
pletely filled  with  tubes,  either 
-sfjuare  or  round,  ^  inch  in  di- 
ameter or  less,  by  3  or  4  inches 
long.  Such  a  device  is  called  a 
cellular  or  honeycomb  radiator, 
l>et'au.se  the  tul>es  surest  the 
(fiisof  a  honeycomb.  This  type 
of  radiator  contains  a  verj-  large 
cooling  surface,  divides  the  wa- 
ter uito  thin  sheets  and  is  (juite  efhcient.  but  it  is  expensive  to 
make,  has  many  joints  likely  to  leak,  and  the  fine  passages  are 
easily  clogged,  on  which  accnunts,  the  tubular  form  is  now  generally 
prefcrre<l.  The  tubes  may  Ik*  continuous,  causing  the  water  to 
travel  the  whole  length,  but  later  forms  use  a  nunil»er  of  tubes  con- 
nected at  their  emls  by  heads  or  top  and  Inrttom  tanks,  and  the 
water  flowing  from  one  cn<l  to  the  other,  is  divi<led,  so  that  a  small 
portion  only  flows  at  slow  s]>eed  thr()ugh  Piicli  tulie.  This  arrange- 
ment relieves  the  pump  of  nnicli  of  its  duty. 

Air  Cooling.  Since  in  any  event  the  heat  is  dissipated  into  the 
air,  it  is  arfjued  by  many  that  air  cooling  is  the  most  Ingical  form,  and 
many  attempts  have  been  made  to  pnHhue  succc.ssful  air  coole<l 
niDtors.  The  total  lical  in  tlie  burning  diargc  varies  as  the  cul>e  of 
the  cylinder  dimensions,  wliereiis  the  wall  surface  varies  only  as  the 
s<piare;  so  it  has  been  assnnicil  by  many  that  large  engines  areof  neces- 
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sit}'  more  difficult  to  cool  than  small  ones,  and  that  air  cooling,  while 
applicable  to  small  powers,  is  not  suitable  for  larger  ones.  Others 
maintain,  while  admitting  the  above  statement  as  to  the  total  amount 
of  heat,  that  the  heat  received  by  the  wall  from  the  gases  in  the  engine 
must  come  from  the  gases  adjacent  thereto,  and  that  on  this  account 
•iie  wall  will  be  little,  if  any,  hotter  in  the  one  case,  than  in  the  other, 
and  that  large  auto  engines  can  be  cooled  just  as  readily  and  practically 
as  small  ones. 

Since,  however,  the  size  of  engines  used  in  auto  work  is  limited 
by  the  weight  of  the  parts  and  the  intensity  of  the  vibrations  set  up  by 
the  explosive  charge,  it  seems  quite  likely  that  the  latter  contention  is 
practically  true.  It  is  now  no  longer  common  to  increase  power  by 
mcreasing  the  bore  of  the  cylinders,  but  the  accepted  method  is  to 
increase  the  number  of  cylinders,  and  it  was  quite  thoroughly  demon- 
strated by  Knox  and  others,  that  cylinders  up  to  5  inches  bore,  of 
varying  strokes,  can  be  successfully  air  cooled. 

The  most  common  forms  of  air-cooled  cylinders  are  either  cast 
^th  flanges  encircling  them  or  machined  out  of  a  solid  body  of  stock 
or  forced  on  by  pressure  after  the  cylinder  is  machined.  Other  forms 
Ijave  the  cooling  flanges  cast  lengthwise  of  the  cylinder.  If  the  engine 
^  horizontal  the  encircling  flange  permits  the  hot  air  to  pass  freely 
*^ay,  which  is  not  the  case  when  the  engine  is  placed  vertically,  unless 
» fan  or  some  means  for  moving  the  air  horizontally  is  provided.  For 
vertical  engines  using  natural  air  circulation,  the  lengthwise  flanges 
*re  undoubtedly  best. 

Many  air-cooled  engines  are  fitted  with  special  forms  of  cooling 
surfaces  such  as  threaded  pins  having  one  end  screwed  into  the  cylinder 
^l  which  pins  not  only  carry  the  heat  outward,  but  because  of  the 
screw  threads  on  their  surfaces,  are  in  contact  with  a  large  volume  of 
^^-  Grooves  are  frequently  machined  into  the  cylinder  surface,  in 
^nich  are  chalked  combs  or  strips  of  radiating  metal  having  large 
'^ting  surface. 

In  all  the  larger  motors,  fans  are  used  to  direct  a  current  of  air 
P*st  the  radiating  surfaces  to  insure  effective  cooling. 

In  some  engines,  as  in  the  Frayer-Miller,  the  cylinder  is  enclosed 
^n  a  jacket,  through  which  air  is  forced  and  by  which  the  air  is  caused 
^'Ctmie  in  close  contact  with  the  heated  surface  with  the  result  that 
^e  (tK>ling  is  positive,  is  certain  to  be  effective  where  needed,  and  is 
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largely  proportioned  to  the  needs  of  the  engine,  because  the  blower 
which  supplies  the  air  is  driven  by  the  engine.  In  air  cooling,  however, 
unlike  water  cooling,  there  is  no  fixed  temperature  point  and  there  is, 
therefore,  much  more  variation  in  the  walls  of  the  cylinder,  with  con- 


r  Miliar  EiiKliir  Pa.Tt!>. 


sequent  possible  warping,  than  is  found  in  a  water-cooled  motor. 
This  variation  is  believed  by  many  to  shorten  the  life  of  the  engine 
and  increase  its  troubles,  while  others  arf;iie  that  the  avoidance  of  the 
water  .•systeni  more  than  makes  up  for  tJie  tack  in  this  respect. 

CHANGE-SPEED   DEVICES 

Second  in  itni>i)rt;nK-e  only  to  the  motor  is  the  mechanism  for 
conveying  its  power  to  the  rear  axle,  ()r  to  the  propelling  wheels. 
This  mechanism  consists  usually  of  first,  a  change-speed  device  by 
which  the  nitio  of  m(i*:>r  revolutions  to  rear-wJieel  revolutions  is  varied 
to  meet  the  varying  mad  conditions,  such  as  hills,  mud,  sand,  snow, 
crowded  traffic  or  cleiir  level  roads;  second,  of  a  transmitting  device 
such  as  a  sliuft,  chain,  or  chains,  or  bells  between  the  change-speed 
gear  and  the  rear  wheels;  and  tlunl,  of  a  balance  gear  often  called  a 
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ditTerential,  or  its  equivalent,  by  whicli  the  power  i^  divided  and  caused 
to  drive  l)oth  wheds,  while  permitting  freedom  for  the  purpose  of 
turning  comers. 

Change-speed  gears  are  of  many  varieties,  of  which  the  moat 
common  are  jjanetary,  sliding  gear,  individual  clutch,  friction,  auto- 
matic and  several  others,  combining  more  or  less  of  the  various  fea- 
tures found  in  these  fonns  with  possibly  slight  variations,  such  as 
magnetic,  pneumatic  or  hydraulic  chitrhes.  Few  subjects  offer  a 
greater  field  for  ingenuity  than  change-speed  devices,  and  many  forms 
not  worthy  of  description  in  the  limited  space  available,  have  been 
tried  and  found  reasonably  satisfactory'. 

Planetary  Gear,    The  planetary  gear  was  the  first  form  to  be 
largely  used  in  America,  l>eing  first  regularly  employed  on  Dnn-ea 
vehicles  in  1898  and  afterward  adopted  in  the  Okis  rnnalwut  and  by 
its    many   imitators,    as 
well  as  in  the  Caflillac 
and  Ford  machines,  in 
all  of  which  it  is  still 
found,    as    well     as    in 
many     others.      In     its 
original     form     it    em- 
ployed   a    spur    driving 
gear     attached     to    the 
crank    shaft.      Meshing 
into  this  was  a  planctan.' 
pinion  parried  by  a  stud 

projecting  from  a  frame  journaled  on  the  crank  shaft  en<l,  which 
frame  carried  the  driving  sprocket.  Mesliing  into  the  pinion,  was 
an  internal  gear  concentric  with  the  crank  shaft,  and  the  device 
was  provided  with  three  clutches,  One  for  locking  the  parts  to- 
gether, ao  that  all  would  revolve  with  the  crank  shaft,  forming  di- 
rect drive  on  the  high  gear;  another  for  hoKling  the  internal  gear 
stationary  while  the  pinion  rolls  around  inside  it,  carrying  the 
sprocket  forwardat  low  speed;  and  a  tliird  for  holding  the  pinion 
frame  and  causing  the  sprocket  to  be  carried  by  the  internal  gear 
in  a  reverse  direction  as  the  pinion  revolves.  (The  sprocket  having 
been  first  released  from  the  pinion  frame.) 

These  clutdies  were  operated  separately,  only  one,  as  a  rule. 
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bni^  engagnl  at  a  time.     A  single  operating  lever  was  usually  era- 
plov€(i  for  high  and  low  speed,  while  a  second  lever  was  useil  for  tk 
Fcveise.    Two  to  four  pinions  were  employed  instead  of  one,  whicli 
gave  added  strength  without  requiring  additional  room,  ami  i\m 
permitted  the  gears  to  be  of  mudi  narrower  face  for  a  given  duty  than 
would  have  been  possible  with  a  ^ngle  form.     Modifications  of  this 
device  employing  two  or  more  sets  of  gears  are  largely  used  l^ecause 
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Ff|r.&    PlaneUury  Gkrakr  Diagram. 

i  7  <f*.-^i  Vvkvi  %j«p««krc  r-*«»  k^  |Nmr  Mid  curie*  th*  iprockci  at  mmmm  speed  as  crank  »haft  with*>Qt  f  rirt^m  <« 

■>.k<.ji<  tt»  iKf*  liitetaal  «aar  caaMB tt»  laAtnaa^ialM  to  toll  forward  slowly  and  carry  the  spn<kr-t  with  them. 
f.^-j^  *».«  V«ar    II  tfc  li  ai  i—  fnarlfclfci  iia«i  ifcafl  if  sit 

■iiM  ii»  tka  stiJittw  <r<  Iks  Ia>iiMitti>ii  4rir«  tk*  iMtavaal  fiar  fas  a  raraffw  dirrction,  ftTlnc  tbc  rTT«r»r  •p««d. 


the  original  fonn  was  protected  by  patent,  but  the  principle  is  much 
d»e  same  in  all.  The  diagram  herewith  illustrates  the  action  more 
fully.  As  usually  constructed,  the  planetary  system  proWdes  two 
sjvei^ls  forwanl  and  a  reverse,  but  some  forms  pro\nde  for  three  speeds 
fonvanl  to^edier  with  a  reverse. 

Individual  Clutch.  The  indiWdual  clutch  transmission  is  still 
a:i  ouUt lonn.havinv; l>een  useil bv Dur\ea  in  '93,  Ilavnes in  '05  and  bv 
s^^'veml  fortncu  makers  fullv  as  eariv.  This  consisted  usuallv  of  two 
jxirallel  shafts  on  which  were  two  or  more  sets  of  spur  gears  of  different 
si.es  but  of  a  ci^mmon  distance  between  centers.  Each  set  of  gears 
was  pn>vivle\l  with  a  clutch  adapteil  to  cause  that  set  of  gears  to  trans- 
mit jxnver  at  its  pn^pi^>rtionate  speeil  when  desired  bv  the  operator. 
For  reversing  pur{x>ses,  spRx?kets  and  chain  instead  of  gears  were 
useil,  or  one  set  of  gears  small  eiK)ugh  not  to  mesh,  but  provide<l  with 
an  intenueiliate,  were  employed.  The  individual  clutch  system  per- 
mits a  wiile  variety  of  speeils,  smooth  and  noiseless  engagement  of  any 
speetl,  and  is  a  ven*  satisfactory-  system,  its  principal  objection  l)eing 
the  large  nmnber  of  clutches  and  the  fact  that  all  sets  of  gears  are  in 
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motion  at  all  speeils.  To  avoul  dutches  sonie  ilesign^  eniploj  a 
sin^e  friciiiHi  clutch  ami  a  movable  kn*  or  pawl  l^  which  any  gear 
can  be  lo<^ed  to  the  sfaaft,  ami  speetl  changes  are  made  by  stifling 
this  key  fiT>m  one  set  of  gears  to  the  next.  The  strain  on  the  smaU  ke^' 
results  in  its  rapid  destroction  and  forms  the  prim4pal  objection  to 


this  aTTBngement.  Similar  results  are  ol>[aine<i  by  ^sliding  the  gears 
themsetres,  which  although  not  so  compact,  is  t.-unsidere«l  a  stronger 
and  more  desirable  de^'ice. 

Sliding  Gear.  Possibly  the  must  used  fi>rn]  to-ilay  i.s  the  hiding 
gear.  This,  like  the  other  forms,  Is  maile  in  a  nimit>er  of  varieties  but, 
in  general,  eon^sts  of  parallel  shafts,  ami  multiple  sets  of  gears  of 
differing  proportions.  (>n  one  shaft  the  gears  are  fued,  while  on  the 
other  they  are  commonly  attached  to  a  sliding  sleeve,  which  is  either 
fitted  to  a  square  shaft  or  pro%'ideil  nith  a  spline  and  key-way  to  pre- 
t'ent  rotation  of  the  gean  «-ithout  njtating  the  shaft,  and  yet  permit 
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•  fn>m  iMswiltss  fric-tiun  uiul  is  considered  (|uitc  advantageous. 

nc  fonit.s,  Iwo  of  thi-  sliding  getirs  an-  on  one  side  and  two  on  the 

'riiis.  of  fonr^-,  ref]iiire.s  two  .shifting  forks  in  its  operation. 

•  fonn^  employ  a  shifting  fork  for  eacli  gear  and  a  .selet-tive  means 


"  fogagwnem  by  which  the  oi»erator  can  cause  the  single  sliifting 
linger  til  eii^f^  luiy  desirwl  fork,  and  thus  put  into  operation  any  gear 
J  "Urit  is  hmu^lit  out  of  operation  as  the  lever  passes  to  neutral,  where 
I  llu^atn  nsdy  to  tmgugK  any  de-sired  geur. 
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Fig.  29.    Single  Lever  Quadrant. 
Sel<»ctlve  Tyi?e. 


The  objections  mmle  to  the  shiliiig  gear  device  is  that  this  method 
of  meshing  gears  is  unniechanical,  wears  the  gears  rapidly,  is  likely 
to  break  them,  and  the  means  of  shifting  is  much  slower  and  therefore 
less  safe  and  handy  than  the  individual  clutch  or  the  planetary  systems. 
It  is  argued,  for  example,  that  in  the  sliding  gear  the  operator  must 
withdraw  the  clutch,  then  withdraw  the  gear,  then  shift  the  gear  lever, 

then  cause  it  to  engage  a  diflFerent 
gear  and  finally  complete  the  op- 
eration by  letting  in  the  clutch-a 
total  of  five  movements.  In  the 
planetary  device  the  same  mo- 
tion that  withdraws  the  high 
clutch  will,  if  continued  beyond 
the  neutral  point,  engage  the  low 
one  and  \'ice  versa,  while  in  the 
individual  clutch  system  one 
movement  disengages  the  clutch 
and  another,  usually  of  the  same 
lever,  engages  another  clutch, 
with  its  corresponding  gears;  at  most  two  movements,  and  in  many 
forms  accomplished  by  a  single  movement. 

The  importance  of  quick  action  in  a  crowded  street  or  on  a  steep 
hill  can  hardly  be  overestimated,  particularly  since  motor  veMdes  are 
rapidly-moving  devices  and  but  little  time  can  be  allowed  for  the  per- 
formance of  any  simple  function  like  speed  changing.  In  spite  of 
this  disadvantage,  however,  the  sliding  gear  seems  to  be  increasing 
in  popularity,  which  is  probably  due  to  the  fact  that  many  people 
regard  the  foreign  vehicles  as  superior  to  the  American,  and  the  sliding 
'gear  is  a  foreign  device.  It  seems  also  probable  that  the  greater 
simplicity  of  the  sliding  gear  system  as  compared  with  the  individual 
clutch  has  caused  it  to  find  favor  w  ith  the  makers,  to  whom  simplicity 
means  cheapness,  and  who  are  not  so  much  concerned  as  to  whether 
or  not  it  is  most  easy  to  operate.  The  simple  device  is  not  only  cheap- 
est for  the  manufacturer  but  it  is  generally  more  easily  understood 
and  maintained  by  the  owner,  and  should,  if  other  things  are  reason- 
ably near  ecjual,  be  given  preference. 

Friction  Gear.  The  friction  gear,  although  but  Utile  used,  is  an 
exceedingly  old  form.     It  was  probably  the  first  form  in  the  thought  of 
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even'  designer  in  eonnection  with  the  gas  engine,  for  in  the  early  days 
gas  engines  were  regardeil  as  being  inflexible,  and  a  flexible  driving 
gear  was  considered  an  absolute  necessity.  Lack  of  positiveness,  the 
objectionable  pressure  necessary  to  secure  driving  friction,  the  dis- 
turbing effect  of  grease,  frost  or  water  when  found  upon  the  friction 
surfaces,  the  large  size  of  the  discs  required,  and  the  constant  loss  of 
power  due  to  the  fact  that  variable  friction  devices  cannot  be  construct- 
ed upon  rolling  cone  lines,  all  conspire  to  make  friction  devices  objects 
of  suspicion  to  which  most  designers  were  unwilling  to  confine  their 
efforts.  Successful  use  for  many  years  upon  vehicles  of  even  the 
heaviest  weights  has  proved  that  friction  driving  gears  are  capable  of 
successful  use  and  excellent  service,  and  that  their  advantages  and 
objections  compare  favorably  with  other  systems. 

Several  forms  have  been  used,  of  which  the  most  common  form, 
and  the  one  longest  in  use,  consists  of  a  disc  on  the  engine  shaft  par- 
allel to  the  plane  of  the  fly-wheel  and  often  formed  by  the  fly-wheel 
itself.  Parallel  to  this  disc  is  a  driven  shaft  on  which  the  driven  disc 
is  arranged  to  slide  with  its  edge  in  contact  with  the  face  of  the  driving 
disc.  This  driven  disc  can  be  shifted  from  the  extreme  outer  edge 
of  the  driving  disc,  which  is  usually  high  speed  position,  to  a  position 
which  is  beyond  the  center  of  the  driving  disc,  which  is  a  reverse  posi- 
tion. At  the  center  the  driving  effect  is  nothing  and  the  driven  disc 
would  stand  still  but  is  usually  disengaged  at  this  point.  This  form 
has  been  in  use  for  five  years  on  Union  vehicles  and  has  been  thorough- 
ly tested  under  every  condition  of  road  service. 

A  modification  employs  two  additional  discs,  one  joumaled  on 
the  cross  shaft  with  its  edge  engaging  the  reverse  surface  of  the  driving 
disc,  the  other  joumaled  independently  on  a  short  shaft  in  line  with 
the  driving  shaft  and  with  its  outer  surface  engaging  the  edge  of  its 
mate,  i^hile  the  driven  disc  engages  its  face  opposite  the  point  of  en- 
gagement on  the  driving  disc.  This  arrangement  applies  power  to 
the  driven  disc  at  opposite  sides,  which  balances  the  pressure  and  in- 
creases the  driving  effect  to  a  considerable  extent. 

A  modification  of  these  forms  reverses  the  positions  of  the  discs 
and  employs  the  shifting  disc  as  the  driving  device  with  its  edge  moving 
across  the  surface  of  the  driven  disc.  This  reversal  secures  great 
power  at  low  speeds,  but  for  pleasure  motor  vehicles  this  is  not  so 
desirable,  for  they  are  usually  driven  on  the  high  gear,  depending  upon 
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the  tlin)ttHiig  of  the  engine  f<ir  nwessurj-  variatimis  in  speed,  ami 
friction  discs  of  this  arrangement  are  <niite  wasteful  of  power  when  the 
transmission  [mint  is  near  the  ct-iiter  of  the  <lis<-  surface.  This  is 
because  of  the  fact  that  tlie  [xtint  of  contact  is  not  actually  a  point,  but 
covers  ii  coiisideralile  surfiur,  on  which  account  a  considerable  slip 
and  loss  of  power  results.  Tins  slip  is  <lependent  Ijoth  upon  the  width 
of  the  friction  edji:e  in  contact  with  the  disc  and  ujKin  the  cun-ature  of 
that  circle  of  the  di.sc  in  contact  at  any  pnrticiilar  time. 

If  we  assume  the  contact  surface  to  l>e  more  or  less  elliptical  in 
shape,  it  will  i-cjidily  l-cscen  that  t  lie  surface  must  necessarily  slip  in 


opposite  directions  on  opposite  sides  of  the  center  of  the  contact  area, 
and  lh;!t  this  slippini;  is  lioth  !un)ss  mid  with  the  eilge  of  the  driven 
dis<-. 

A  tliir.1  fonn  of  friction  in  use  on  the  Windsor  vehicle  is  U  imxlifi- 
calion  of  the  swond  form.  In  tins  the  drivinj;  shaft  is  equipped  with 
two  iliscs  hetween  which  is  placed  two  halves  of  a  cn>ss-shaft,  each 
C<ini]i|M'd  with  two  cdye-driven  discs.  These  half  shafts  are  so  mounl- 
e<l  that  their  adjacent  ends  can  he  thrown  in  op|K)site  <lirectioiis  and 
the  discs  on  tlicni  arc  likewise  nionnteit  to  move  oppo.sitdy  and  in 
like  pro|M.rtion.  .Snice  the  .Iriven  discs  are  on  opposite  ends  of  the 
driviiij;  shaft,  it  is  olivions  that  if  one  is  llin>\vn  forward  and  the  other 
backwar<l,  both  will  In-  rotated  in  the  same  direction,  whereas  if  thej- 
are  thrown  in  the  opi)osite  direction  a  reverse  motion  will  be  given. 
This  obviates  |)assing  the  center  of  the  drivin;i  di.sc  to  secure  a  reverse, 
and  since  it  is  seldom  or  never  neces.sary  to  have  an  extremely  slow 
speed,  the  driven  discs  need  not  lie  .shifteil  greatly  to  produce  the 
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variations  in  speed,  which  is  done  by  shifting  them  toward  or  from  the 
otheredges  of  the  dri\-ing  discs.  The  illustration  makes  the  arrange- 
ment plain  without  further  explanation.  The  amount  of  clefirance 
is  so  slight  that  the  movement  of  the  half  shafts  out  of  a  direct  line  is 
ttxi  little  to  have  any  practical  effect  of  a  iletrimenlai  charat-ler. 

A  fourth  form  is  arranged  to  make  ».*e  of  the  friction  drive  only 
for  such  variations  in  speed  as  are  necessarj-  below  direct  <lrive,  and 


secures  the  advantage  of  direct  drive  wiilioiit  los,-;  for  high  speeil  work. 
This  arrangement  seems  particularly  adapted  tu  pleasure  vehicle 
service  and  will  doubtless  find  large  adoption  in  future.  In  this  con- 
.stniction  the  driven di.sc  .stands  parallel  tothefly-wheel  and  is  .shiftaUe 
toward  and  from  the  fly-wheel  surface.  Tlie  e<lgp  of  the  driven  disc 
engages  the  piane  surfaces  of  twoormore  inicnri(H|iaU'riiM-s.  Joumaled 
on  short  shafts  parallel  to  the  jjlane  of  tlie  fly-wliM.  Tlie  olge-i  of 
these  intermediates  engage  the  fly-wheel  by  gear  or  friction  as  niav  l>e. 
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and  transmit  power  to  opposite  sides  of  the  driven  disc.  Shifting 
from  the  center  of  the  intermediates  toward  the  fly-wheel  increases 
the  speed,  while  in  the  opposite  direction  beyond  the  center  gives  the 
reverse.  T^Tien  near  the  fly-wheel  a  clutch  is  engaged,  which  con- 
nects the  fly-wheel  and  driven  disc  positively  after  which  the  inter- 
mediates are  disengaged,  leaving  direct  drive  on  the  high  gear. 

VEHICLE  CONTROL 

With  all  these  devices  the  operator  is  called  upon  to  perform  cer- 
tain operations,  such  as  setting  and  releasing  clutches,  shifting  the 
discs  in  and  out  of  contact,  or  shifting  and  selecting  the  gears  to  be 
used.  In  the  operation  of  the  vehicle,  he  must  have  in  mind  the  im- 
portant function  of  speed  changing,  in  addition  to  the  equally  impor* 
tant  ones  of  steering  and  throttling  the  motor,  together  with  minor 
functions  such  as  spark  management,  lubricator  oversight,  and  tooting 
the  horn  or  sounding  a  gong,  which  is  frequently  required  by  law. 
Such  a  multiplicity  of  duties  is  confusing  to  many  operators  accus- 
tomed only  to  drive  a  gentle  horse,  which  recjuires  but  guiding  and 
speed  regulation,  and  there  is  no  doubt  but  that  many  accidents  are 
due  to  the  operator  in  an  emergency  becoming  confused  and  failing  to 
do  the  right  thing  to  prevent  trouble. 

It  is,  therefore,  (juite  necessarj'  that  vehicle  control  should  be  as 
simple  as  possible,  and  while  some  designers  have  eliminated  minor 
details,  such  as  spark  control,  and  the  necessity  for  watching  the  oil  or 
water  circulation,  and  have  reihiced  the  operation  of  the  vehicle  to 
steering  and  throttling,  with  sufficient  power  to  drive  a  large  and 
flexible  engine  almost  wholly  on  the  high  gear,  and  without  speed 
changing,  others  have  eliminated  speed  changing  entirely  by  making  it 
automatic.  Thus  in  the  Sturtevant  machines,  the  fly-wheel  is  pro- 
vided with  two  or  more  sets  of  governor  weights.  When  the  engine 
is  throttled  extremely  low,  these  weights  are  all  drawn  in  by  springs 
and  all  drives  are  disconnected,  leaving  the  vehicle  standing  still.  If 
the  motor  is  speeded  up,  the  lightest  set  of  springs  permit  one  set  of 
weights  to  throw  into  engagement  the  low  speed  gears,  and  these  con- 
tinue in  engagement  until  the  vehicle  attains  considerable  speed,  when  a 
second  set  of  weights  throw  out,  bringing  into  action  a  higher  gear, 

which  drives  the  vehicle  at  a  higher  speed.    The  lower  speed  gears 
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become  inoperative  because  of  a  ratchet  provision  which  permits 
OTCT-ninning  the  low  gears,  whenever  the  driven  part  acquires  a  speed 
libove  that  imparted  by  the  low  gears.  If  the  speed  decreases,  the 
high  speed  weights  are  drawn  in  by  their  springs  and  the  low  gears 
tab  up  the  work,  until,  as  when  stopping,  they  too  become  inactive 
because  of  lack  of  speed.  This  arrangement  eliminates  speed  chang- 
ing entirely  and  renders  the  vehicle  more  suited  to  the  use  of  every 
member  of  the  familv  than  are  mrtst  vehicles — a  condition  that  sooner 
or  later  must  come  to  pass. 

Combination.  In  a  few  vehicles  the  motor  has  been  used  direct 
connected  to  a  dynamo  to  generate  electricity,  which,  either  through  a 
storage  batterj',  or  direct  to  a  motor,  is  used  to  produce  the  necessary 
speeds.  This  system  has  not  been  largely  applied  to  pleasure  vehicles, 
but  has  seemed  best  adapted  to  commercial  vehicles  where,  because  of 
widdy  varying  loads,  widely  varying  powers  are  needed,  and  the 
electric  motor  not  only  provides  a  steady  application  of  power,  but  in 
connection  with  the  storage  battery,  is  capable  of  great  exertion  for 
short  spaces  of  time,  and  undoubtedly  does  give  an  almost  ideal  method 
of  speed  changing.  The  added  cost  and  weight  of  a  double  system 
of  this  kind  is  cjuite  likely  the  chief  argument  against  it. 

It  has  also  been  proposed  to  use  pumps  for  water  or  oil  directly 
attached  to  the  engine,  while  a  motor  adapted  to  be  driven  by  liquid 
^as  directly  connected  to  the  rear  axle.  Such  a  device,  while  doubt- 
less flexible  and  smooth  running,  is  admittedly  inefficient  and  not 
^y  maintained  in  proper  working  condition. 

CLUTCHES 

Since  the  gas  engine  must  be  started  from  an  outside  source, 
^  runs  with  but  little  power  when  cold,  it  is  practically  necessary 
to  have  a  clutch  by  which  the  engine  can  be  disconnected  from  the 
^^  gear  or  at  least  from  the  propelling  wheels.  The  forms  of 
*ese  dutches  are  quite  varied.  In  cohnection  with  the  sliding-gear 
^Ange-speed  device  the  clutch  is  usually  placed  between  the  fly-wheel 
^  the  change-gear  box  and  is  generally  of  the  conical  variety,  one 
nj«nl)er  forming  part  of  the  fly-wheel  and  the  other  being  attached 
to  4e  shaft  entering  the  gear  box.     One  surface  is  usually  faced  with 

kathcr  or  similar  matwal  having  a  high  friction  coefficient,  and  a 
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tIrivK,  free  from  needless  frietion  arid  is  considered  qiiile  advantageous. 
In  some  forms,  two  of  the  sliding  gears  are  on  one  side  and  Iwo  on  the 
other.  This,  of  course,  refjuires  two  shifting  forks  in  its  operation. 
Other  forms  employ  a  shifting  furk  fur  eiich  fjear  and  a  selective  meana 


of  rii^ogement  by  which  the  ojjerator  can  cause  the  single  shifting 
'  lever  to  engage  any  dpsireiJ  fork,  anil  thus  put  into  operation  any  gear 
which  is  brought  out  of  o[)eration  as  ihe  lever  pa^wes  to  neutral,  where 
it  U  again  ready  to  engage  any  desired  gear. 
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The  block  chain  adopted  from  bicycle  service  was  the  first  form 
used  on  American  motor  vehicles,  but  being  of  bicycle  size  in  almost 
every  instance,  was  found  totall}  inadequate  and  was  therefore  almost 
universally  condemned  Not  onl\  the  cham  but  the  sprockets  were 
too  small,  with  the  result  that  l>oth  wore  out  quickly  and  breakages 


Fig.  30.    Duryta  Chalu  nlih  Kuli  Lubricator. 

were  fretjuent.  The  block  chain  has  less  parts  than  the  roller,  has 
less  joints  to  gather  grit,  is  less  noisy  and,  if  of  proper  strength  and 
properly  fitted  to  the  sprocket,  runs  with  as  little  friction  and  transmits 
power  with  as  great  efficieiwy  as  any  device  yet  offered.  Few  block 
chains  are  in  use  tiwlay,  but  of  the  few,  the  Duryea  is  noticeable  be- 
cause the  blocks  are  Iwiretl  transversely,  so  as  t(»  just  intersect  the  rivet 
holes,  and  this  transverse  lK)re  is  filled  with  a  felt  pad,  which  absorbs 
oil  and  keeps  the  rivcls  properly  lubriciited.  The  value  of  od  upon 
any  Iwaring  is  self-evident,  and  this  arrangement  not  only  insures  oil 
in  the  pro]>er  place,  but  jiennits  tlic  outer  surfaces  of  the  chain  being 
kept  clean  and  practically  free  From  grit,  so  that  the  rivets  are  not 
likely  to  wear  in  their  hearings,  nor  do  the  teeth  of  the  sprockets  wear 
so  rapidly  as  usual. 

The  roller  cliain  is  the  most  common  form  and  is  so  called  be- 
cause each  rivet  passes  through  a  bushing  around  which  bushing  a  roll- 
er is  placed,  so  that  the  chain  pull  is  taken  by  the  roller  bearing  against 
the  bushing,  while  the  rivet 
is     joiirnaled     inside     the 
hushing.     The    reason    for 
this  is  that  as  the  chain  lies 
down  in  its  place  upon  the 
Fiir. a,.  iMiiir ( ii,itii.  jj^^_^  ^^j  ^^^  wheel,  the  roller 

rolls  down  tiic  teeth  instead  of  .sliding,  but  this  reason  is  based  upon 
chain  imperfections  tind  is  not  a  pn)pcr  one  in  connection  with  good 
chains  and  properly  cut  sprockets.     If  the  chain  end  sprocket  fit 
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properly,  the  pitch  of  the  chain  is  slightly  less  than  that  of  the  sprock- 
et, so  that  the  rollers  or  blocks  rise  and  fall  out  of  and  into  their 
places,  as  the  sprocket  revolves,  without  friction.  If,  however,  the 
chain  is  over-pitch,  it  will  be  loose  at  the  middle  of  its  length  of 
contact  on  the  sprocket  and  will  grind  and  bind  where  it  comes  in 
contact  and  where  it  leaves  the  sprocket,  and  while  rollers  may  partly 
overcome  this  grinding,  the  loss  of  power  in  any  event,  is  decidedly 
objectionable,  and  such  chains  should  not  l>e  continued  in  use. 

It  is  to  overcome  this  defect  in  driving  chains  that  .self-adjusting 
chains,  like  the  Renold  silent  and  the  Morse  silent  chain,  have  been 
put  upon  the  market.  These  have  not  come  largely  into  use  on  autos 
because  of  their  high  first  cost,  but  they  are  undoubtedly  most  meritor- 
ious, as  they  wear  as  long  as  gears,  are  more  flexible,  are  less  noi^, 


transmit  as  much  power  for  a  given  width  of  tooth  and  need  no  more 
attention  than  gears.  Their  decided  advantage  i.s  in  the  shape  of  the 
link,  which  causes  the  chain  to  select  its  own  pitch  Hne  (ni  the  sprocket. 
Because  of  this  feature  they  do  not  stretch  and  get  out  of  pitch  an  do 
chains  of  ordinary  construction,  but  any  stretcli  of  the  chain,  due  to 
(he  wearing  of  the  pivots,  is  compensate<l  for  by  the  fact  that  the  chain 
automatically  takes  a  larger  pitch  line  position  on  the  spnx'ket,  where- 
as in  chains  of  the  usual  kind  an  increa.se  of  pitch  cau.ses  the  chain  to 
grim)  and  rapidly  wear  the  tooth  surfaces,  as  the  chain  takes  its  jmsi- 
tion  on  the  sprocket  with  much  loss  of  power  and  with  an  increasingly 
rapid  destruction  of  Ixith  sprocket  teeth  an<l  chain. 

The  pitch  of  a  chain  is  the  di,stance  from  center  to  center  of  similar 
rivets,  having  one  chain  link  l>etween  them.  Tn  n>ller  and  the  silent 
chains  mentioned,  it  is  the  distance  l>etween  rivets.  In  block  chains 
each  link  is  composed  of  one  block  and  two  side  pieces,  which  are  held 
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together  by  a  rivet,  so  that  the  pitch  of  the  chain  is  the  total  of  two 
spaces  adjoining.  This  pitch  distance  is  measured  in  a  straight  line 
forming  one  side  of  a  polygon  having  as  many  sides  as  the  sprocket  has 
teeth,  and  corresponds  to  the  ohler  and  now  less  use<l  circular  pitch 
as  applied  to  spur  gears.  In  circular  pitch  the  gears  were  meajAired 
from  center  to  center  of  tooth,  just  a.s  sprockets  are  measuretl,  these 
measurements  heing  taken  on  the  pitch  line.  In  the  later  and  more 
common  method  of  measuring  gears,  the  pitch  is  expressed  by  the 
diameter  of  the  gear  at  the  pitch  line.  Thus,  an  eight-pitch  gear  has 
eight  teeth  on  its  circumference  for  each  inch  of  diameter.  The  pitch 
line  of  a  gear  is  about  midway  of  the  tooth  and  is  the  line  common  to 
both  gears;  similarly  the  pitch  line  of  the  sprocket  and  chain  is  the 
line  of  the  rivet  centers  as  the  chain  lies  upon  the  sprocket. 

Although  less  applicable  to  belting,  the  pitch  line  of  a  l)elt  is 
approximately  at  its  center  and  should  be  taken  into  consideration 
when  considering  pulleys  for  belt  driving.    . 

In  some  vehicles  more  than  one  chain  is  used,  either  from  the 
motor  shaft  to  the  counter  shaft,  as  in  the  Ilolsman, — which  employs 
chains  for  its  change-speed  device — or  as  in  many  forms  of  large 
vehicles  which  cm])loy  two  chains  from  a  counter  shaft  to  the  rear 
wheels.  The  counter  shaft  is  parallel  to  the  rear  axle  but  in  front  of 
it,  and  is  fitted  with  a  sprocket  on  each  end,  in  line  with  the  large 
sj)rocket  on  the  corresponding  rear  wheel.  This  construction  is 
usually  applied  to  heavy  vehicles,  and  in  this  construction  the  balance 
gear  is  in  the  counter  shaft  and  power  is  frequently  transmitted  from 
the  change-speed  gear  to  the  balance  gear  by  propeller  shaft. 

Chain  troubles  usuallv  consist  of  broken  links  or  sheared  rivets, 
due  (juite  fre(|ucntly  to  something  getting  between  the  chain  and 
sprocket  and  thus  subjecting  the  chain  to  undue  strain.  If  the  chain 
is  quite  loose,  it  may  climb  on  top  the  sprocket  teeth  with  the  same 
result.  As  the  chain  wears  and  increases  its  pitch  length,  the  tendency 
to  climb  the  teeth  is  increased  and  it  will  run  with  a  grinding 
noise,  indicating  rapid  wear.  A  block  chain  can  usually  be  reversed 
with  good  results  after  it  is  partly  worn.  Extra  links  are  usually 
carried  for  repair  purposc^s,  and  some  chains  have  their  rivets  button- 
holed into  the  side  links,  while  in  others  the  rivets  are  held  by  cotter 
pins,  so  as  to  permit  (|uick  repairs  to  be  nuide. 
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<'liaiiis  have  been  condemnetl  bwaitst'  they  have  \twn  aliiiscil, 
whereas  if  properly  ilesigiie<l,  cusetl,  am!  cared  fcir,  as  is  iiei-essary 
with  gears,  tliey  will  give  as  good  or  better  senice. 

The  propeller-shaft  transmitting  device  is  «!  named  l>etau.se  of 
its  resemblance  to  the  shaft  used  to  transmit  power  from  the  motor 
to  the  screw  propeller  in  boat  senice.  At  its  fonvard  end  it  is  driven 
by  the  motor  or  change-speed  gear  just  an  in  a  launch,  while  at  the 
rear  end  it  is  fitted  with  bevel  gear  usually  of  small  diameter,  meshing 
•Dto  a  larger  bevel  gear  on  the  rear  axle  or  counter  shaft  at  ri^ht  angles 


Fig.  SB.    Propeller  Shaft  TriiusniltllnB  JfvliT. 

to  the  propeller  shaft.  In  some  cases  a  worm  gear  is  used  instead  of 
the  bevel,  while  in  others  equivalents  having  pins  an<l  rollers  instead 
of  teeth  are  employed,  the  aim  being  to  reduce  the  friction  of  the  bevel 
gear.  The  bevel  gears  are  commonly  encased  to  hold  nil  and  keep 
out  the  dirt,  and  this  casing  contributes  verj-  largely  to  the  good  ser- 
vice given  by  such  gears.  In  all  bevel  gears  there  is  a  <lecideti  thrust 
agunst  the  bearings,  which  must  !«■  strongly  resisted  if  the  gears  are 
not  to  become  separated  at  their  pitch  line,  causing  increased  noise  and 
friction. 


AtTTOMOniLES 


[jimbat  Joints.     \i 

r  at  llie  front  iif  (!»■  projR-Hcr  uliaFl 


f  llio  iiM|H>sBihilIty  of  buMiii^r  t 

;iii(l  tli«  gejira  at  tlie  rear 
ill  aligDiueiit  with  i*a(.-li 
other,  it  ia  (.-0111111011  to 
provide  llie  propeller 
stiaft  witli  knuckles  or 
gimbal  joints,  wliieli. 
while  transmitting  ptjw- 
er  prfectly,  permit  ibe 
ahaft  to  yield  and  change 
its  direction  ten  or  even 
twenty  degrees.  The 
propeller  shaft  is  usually 
provided  with  a  telescop. 
ie  joint  wbieh  penuila  it 
also  to  vary  in  length 
between  ends,  and  these 
tiK.Jo.   uimuiii  Ji.iui.  j^^,^  accommodations  al- 

low the  springs  of  the  vehicle  to  perform  their  function  without 
interfering  with  the  trananiisaion  of  the  power.  A  great  variety 
of  gimbal  joints  have  been  employed  and  the 
same  is  true  of  the  telescopic  joint.  These  joints 
are  frequently  encased  in  leather  cases  packed 
with  hard  grease,  which  both  keejis  out  the  dust 
and  insures  lubrication. 

Radius  Rods.  The  propel- 
ler shaft  is  frequently  paralleled 
by  a  torsion  rod  or  bar  having 
suthcieiit  stiffness  to  resist  the 
push  of  the  Ijevel  gear  as  it  trarii^- 
mits  the  driving  effort  lo  the 
axle.  In  any  event,  this  strain 
must  l>e  resisted  by  some  means, 
and  in   conne<^'t!on  with  chains 

it  is    manifested    as  a    forward  Fjg.,,.    Rouer  Bpvei  Oeaw  w 

pull  pi-allel  to  the  chain,  which  Uuiversai  Joiut. 

is  taken  by  distance  or  radius  rods  arrange*!  to  extend  froni  ti 
driven  axie  lo,  or  nearly  to,  the  driving  one.      In  some  faulty  c 
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structioDs  the  distauce  rods  are  attached  at  one  end  or  the  other 
some  distance  away  from  the  axle  centers  with  the  resnlt  that  the 
spring  action  gives  rise  to  a  travel  of  the  axle  not  coincident  with 
an  arc  drawn  aronnd  one  axle  center  and  passing  throngh  the 
other,  and  the  result  of  this  lack  of  proper  movement  is  either  to 
loosen  the  chain  or  tighten  it,  resulting  frequently  in  the  chain 
running  off  or  being  strained  so  forcibly  as  to  break  it. 

Balance  Qear.  The  balance  gear,  frequently  called  differen- 
tial, or  jack-in-the-box,  is  a  device  intended  usually  to  transmit  the 
power  from  the  sprocket  or  bevel  gear  to  each  half  of  the  counter- 
shaft  or  rear  axle  and  thus  to  each  wheel  equally  at  all  times,  re- 
gardless of  whether  the  wheels  are  turning  at  equal  s{)eed  on  a 
parallel  course,  or  one  slower  than  the  other,  as  in  turning  a  cor- 
ner. In  its  simplest  form  it  consists  of  two  large  bevel  gears  at- 
tached one  to  each  half  of  the  rear  axle,  which  carries  at  its  outer 
ends  the  driving  wheels,  or  in  the  case  of  the  countershaft,  the 
sprockets  for  the  side  chain.  Between  these  large  bevel  gears  is 
joumaled  the  driven  sprocket  or  driven  gear,  the  hubs  of  the  bevel 
gears  sometimes  forming  the  journals.  In  this  sprocket  or  gear 
are  one  or  more  pinions,  usually  three  or  four  mounted  substanti- 
ally upon  spokes  and  arranged  to  mesh  into  the  large  l)evel  gears 
of  the  balance  gear. 

In  theory  each  of  these  pinions  is  simply  a  lever  receiving  the 
pull  of  the  chain  at  its  center  and  because  its  ends  (opposite  teeth 
of  the  pinion)  engage  the  opposite  bevels,  it  transmits  half  of  the 
pull  received  to  each  of  the  bevels  When  the  vehicle  runs  on  a 
straight  course  the  pinions  and  l)evel8  revolve  as  a  solid  mass  with- 
out  relative  motion,  but  if,  as  in  turning  a  corner,  one  bevel  and 
its  corresponding  rear  wheel  takes  a  slower  motion,  that  end  of  the 
lever  (pinion  tooth)  is  retarded,  while  the  opposite  end  of  the  lever 
(pinion  tooth)  moves  forward  more  rapidly,  driving  the  outer 
wheel  of  the  vehicle  with  increased  spee<l.  In  all  cases  the  amount 
of  force  applied  to  each  wheel  is  the  same,  since  lK)th  ends  of  the 
lever  are  of  equal  length,  the  only  variation  l>eing  a  slight  loss  by 
friction,  due  to  the  motion  of  the  j)art8  of  the  gear  in  relation  to 
each  other.  While  the  bevel  gear  is  the  simplest  form,  many  bal- 
ance  gears  are  constructed  by  the  use  of  spur  gears  because  spur 
gears  are  manufactured  more  cheaply.     In  this  form  each  half-axle 
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power  ID  different  proportion,  whereas  the  usual  form  being  bil- 
anced,  is  really  a  balance  gear. 

Other  devices  are  in  use  to  tranainit  power  to  both  wheels,  as 
ia  necessary  to  secure  traction  and  a  forward  movement  withont  a 
tendency  to  shift  to  one  side,  and  most  of  these  aim  to  avoid  the 
balance  gear.  The  objection  to  the  balance  gear  aside  from  its 
cost  and  weight  is  principally  that  if  one  wheel  strikes  a  slippery 
spot,  as  a  piece  of  ice,  and  slips  backward,  no  power  is  transmitted 
to  the  other  wheel  and  propulsion  ceases.  This  is  because  the 
slipping  wheel  moves  at  double  the  angnlar  velocity  of  the  sprocket 
instead  of  at  the  same  velocity  as  would  be  the  case  if  both  wheels 
were  revolving  at  the  same  rate  of  speed. 

In  one  or  more  types  of  friction. drive  vehicles  two  driving 
discs  are  used  and  no  balance  gear  is  employed,  it  having  been 
found  that  the  friction  discs  will  slip  suHiciently  to  pennit  satis- 
factory turning,  while 
on  the  other  hand,  if 
one  vehicle  wheel  slips, 
the  driving  ability  of 
tlie  other  is  in  no  wise 
lessened.  In  the  rope- 
driveu  Uolsman,  and 
one  or  more  of  its  type, 
the  slip  of  the  driving 
ropes  is  utilized  in  a 
eimilar  manner.  The 
Iledgeland  solid  axle 
not  only  does  away  with 
the  lose  of  strength  or 
the  increase  of  weiebt, 
due  to  the  use  of   lialr 

axles,  but  it  secures  a  positive  drive  to  the  slow  wheel  and  tUus 
avoids  loBB  of  traction  by  the  slipping  of  one  wheel.  In  this 
device  each  end  of  the  axle  is  provided  with  a  clutch  fitted  to 
the  wheel  hub  so  as  to  remain  free  when  the  wheel  moves  faster 
than  the  axle  or  when  the  axle  stands  still  with  reference  to  the 
frame  of  the  vehicle.  A  forward  movement  of  the  axle  causes 
the  clutch  to  grip  the  wheel  and  drive  it  forward,  but  at  all  times 
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the  wheel  iB  free  to  turn. with  greater  angular  velocity  than  the 
axle  aod  thus  releases  itself. 

In  reversing,  the  same  action  resnlts  in  the  opposite  face  of  tlie 
clutch  being  brought  into  service,  while  in  coasting  the  vehicle 
runs  free  without  the  necessity  of  turning  the  rear  axle  and  pro- 
pelling mechanism. 

Rear  Axle,  Directly  connected  with  the  balance  gear  is  the 
design  and  construction  of  tlie  rear  axle.  A  quite  common  form 
consists  of  two  half  axles  passing  through  the  tubular  half  frames, 
which  are  bolted  together  around  the  balance  gear  forming  the 
balance  gear  l)OX,  frame  or  spider.  Each  half  axle  is  a  duplicate 
of  the  other  as   is  each  half  of  the  rear  framework,  and  each  is 
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provided  witii  bearings  at  the  inner  end  near  the  balance  gear  and 
at  the  outer  end  adjoining  the  vehiL-lo  wht^els.  In  some  construc- 
tion the  balittice  gear  is  not  exactly  at  the  center  hut  is  at  one  side, 
making  one  of  the  rear  axle  parts  and  the  tubular  portion  of  its 
i-ase  shorter,  while  the  opposite  parts  are  correspondingly  longer. 
A  second  form  of  axle  employs  a  full  length  axle,  having 
fixed,  generally  near  one  end,  oni>  of  the  balance  gears,  while 
slipped  over  this  end,  is  a  sleeve,  carrying  the  other  balance  gear. 
The  outer  end  of  the  sleeve  on  one  side  and  the  outer  end  of  the 
axle  on  the  other  are  fitted  to  the  corres[)onding  vehicle  wheels. 
A  nut  on  the  sleeve  end  of  the  axle  holds  the  sleeve  in  position, 
and  sometimes  also  holds  the  wheel  in  place,  the  whole  forming  a 
simple  and    satisfactory  construction.     Both  of  these  forma  are 
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what  is  known  as  "live  axles,"  *.  e.,  axltjs  which  revolve  with  the 
wheels.  They  are  advantageous  in  that  the  use  of  a  single  sprocket 
is  permitted,  and  this  may  be  placed  in  under  the  vehicle,  thus 
briDging  the  chain  away  from  the  dirt  of  the  wheels,  where  it  la 
less  unsightly  and  more  durable.  The  disadvantage  of  the  live 
axle  is  that  it  mnst  be  quite  strong  to  properly  carry  a  given  load, 
because  in  revolving  it  is  subjected  to  stresses  in  opposite  direc- 
tions, and  is  therefore  likely  to  be  broken. 

Dead  axles  are  commonly  used  on  heavy  vehicles,  and  these 
are  substantially  the  same  as  on  horse  vehicles.  With  this  eon. 
stniction  each  driving  wheel  is  fitted  with  a  sprocket  from  which 
a  chain  runs,  usually  forward,  to  the  projecting  end  of  the  coun- 
tershaft. The  balance  gear  and  axle  constructions  heretofore  de- 
scribed, apply,  with  slight  modifications,  to  the  countershafts,  which, 
because  of  the  gear  reduction  between  the  countershaft  and  the 
rear  wheels,  need  differ  only  in  that  they  are  not  so  strong  and 
heavy. 

Front  Axle.  The  frent  axle  of  a  motor  vehicle  differs  usually 
from  horse  vehicle  construction  in  that  there  is  no  fifth  wheel  at 
the  center  of  the  axle  about  which  the  axle  turns  for  steering  pur- 


PlE.  U.    ComplPteFroDt  Axle  SbowlnRRiwrlatt  Heads  Hid  lii'-Biir. 

poses,  although  this  eunstnictiim  is  sometimes  used;  but  generally 
each  end  of  the  axle  is  provided  with  a  steering  head  into  which  a 
vertical  spindle  or  neck  is  jonrnaled,  which  neck  carries  the  axis 
of  the  corresponding  front  wheel.  To  this  neck  is  attached  one 
or  more  steering  arms  for  controlling  the  direction  of  tlie  neck; 
and  that  the  opposite  wheels  may  be  steered  in  unison,  an  arm  on 
one  side  is  connected  with  a  corresponding  arm  on  the  opposite 
side  by  a  tie-bar  parallel  to  the  front  axle. 
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It  ia  readily  seen  that  ii»  turning  a  corner  both  front  wheels 
should  l)e  so  turned  that  each  will  describe  an  arc  concentric  with 
the  arc  of  the  other,  for  if  both  arcs  are  not  concentric,  one  wheel 
or  other  will  be  forced  to  slip  sidewise  to  a  greater  or  leas  extent, 
with  the  result  that  the  tires  will  be  worn  and  the  steering  will 
sometiniea  be  controlled  by  one  and  eometimes  by  the  other  wheel, 
with  consequent  greater  skidding  and  a  very  disconcerting  eccen- 
tricity  in  the  matter  of  steering.  The  same  result  is  found  in 
driving  straight  ahead  if  the  steering  wheels  are  not  parallel  to 
each  other  as  they  should  be. 

To  insnre  that  the  steering  wheels  describe  concentric  arcs, 
the  steering  arms  are  projected  either  backward  and  inward  from 
th(»  steering  neck  or  forward  and  outward,  and  the  tie-bar  is  made 
of  suitable  length  to  hold  the 
wheels  parallel  for  straight 
ahead  driving.  This  arrange- 
ment insures  that  the  inner 
wheel  on  a  turn  will  be  steered 
at  a  greater  angle  from  the  cen- 
ter line  of  the  vehicle  than  the 
outer  wheel,  and  will  describe 
an  are  of  a  circle  of  shorter 
radius  than  the  outer  wheel. 
It  is  quite  evident  that  both  wheels  should  steer  around  a  common 
center  and  that  the  radius  for  one  wheel  In  one  case  must  bo  the 
width  of  the  vehicle,  usually  about  5  feet,  greater  tlian  for  the 
other  wheel.  The  ])roj)er  angle  for  these  steering  arms  depends 
njHju  the  distance  l>etween  the  axles  and  the  distance  between 
tlie  steering  head  center  lines,  and  is  found  approximately  by 
drawing  a  Hue  through  the  steering  lusul  center  to  the  middle  of 
the  rear  axle. 

Steering  Heads.  Steering  heads  are  of  several  varieties  ac- 
PA)rding  to  the  ideas  of  the  designer.  The  simplest  form  is  an 
L-shaj)ed  forging  welded  to  the  end  of  the  siraight  front  axle,  the 
other  member  of  the  L  projecting  upward  or  downward,  and  in 
either  event  bored  to  receive  the  steering  spindle.  This  is  quite 
frequently  termed  the  Lemoine  ty|)e.  A  second  form  provides  the 
axle  with  a  T  head,  the  extremities  of  the  T  being  tnrned  at  right 
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angles,  so  as  to  form  lugs  through  which  the  steering  pivot  pin 
passes.  This  also  passes  through  the  steering  neck  fitted  between 
the  lugs.  This  form  is  commonly  termed  the  Elliott  type.  Kecog- 
nizing  the  advantage  of  having  the  steering  pivot  as  close  to  the 
spokes  as  possible,  several  makers  made  these  projecting  lugs  very 
long,  and  in  place  of  the  vertical  neck  a  curved  C-shaped  neck 
was  provided  carrying  the  spindle  at  its  center,  while  at  its  ends 
short  pivots  or  screws  attached  it  to  the  lugs  mentioned.  This 
arrangement  permits  the  use  of  a  long  wheel  spindle  and  although 
slightly  more  expensive  to  build,  and  not  quite  so  rigid  as  the 
other  types,  was  used  because  of  its  merit  by  Haynes  for  a  num- 
ber of  years. 

In  any  steering  device,  the  object  is  to  have  the  steering 
pivot  close  to  the  wheel,  so  that  the  leverage  of  the  wheel  is  ex- 
tremely  small,  on  which  account  obstacles  do  not  have  much  ten- 
dency to  deflect  the  course  of  the  wheel.  Any  one  who  has  watched 
"belong  pole  of  a  horse  wagon  sway  violently  as  the  front  wheels 
strike  an  obstacle,  can  realize  how  impossible  it  would  be  to  con- 
trol a  motor  vehicle  by  the  arm  of  an  operator  unless  a  considerable 
Mechanical  advantage  is  gained  in  some  manner,  and  placing  the 
steering  centers  nearly  or  quite  in  the  plane  of  the  wheel,  secures 
this  advantage  to  a  more  or  less  complete  extent. 

Some  vehicles  are  equipped  with  hubs  of  such  size  that  the 
steering  pivot  may  be  placed  exactly  in  the  plane  of  the  wheel, 
the  wheel  bearings  being  of  larger  diameter  than  the  length  of  the 
steering  pivot.  Other  vehicles  use  forks  astride  the  wheel  with 
the  steering  pivot  over  the  wheel  as  in  cycle  construction.  Both 
^f  these  methods  remove  all  leverage  from  the  wheel,  so  that  there 
is  no  tendency  to  deflect  to  one  side  or  the  other  when  it  strikes  an 
obstacle;  but  the  large  hub  is  objectionable  and  the  long  fork  with 
the  long  framework  nt»cessary  to  get  above  the  wheel  is  both  costly 
^iidweak.  The  advantages  of  these  constructions  can  practically 
^  securt^  without  additional  cost  or  disadvantage  by  inclining 
^^^  stiHTing  j)ivot  so  that  the  steering  pivot  center  line  strikes 
^l^t^  ground  at  the  same  point  as  does  the  wheel.  This  construe- 
tion  is  used  on  a  number  of  vehicles  at  present  and  its  merits  will 
^^entually  force  it  to  be  used  by  all. 
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A  few  vehicles  h^ve  been  ateered  by  tlie  single  kingbolt  and 
fifth-wbeel  arrangement  used  on  borse  vehicles,  in  connection  with 
a  worm  and  segment  for  turning  the  axle  about  this  pivot.  This 
form  is  common  in  vehicles  which  both  drive  and  steer  by  tlie 
front  wheels,  and  is  i[tiite  practical  if  means  for  steering  by  the 
power  of  the  motor  is  provided.  In  order  that  the  worm  may 
have  the  power  required  it  is  of  slow  pitch  and  needs  many  revo- 
lutions to  effect  the  desired  steering,  whicb  rapid  movement  is  not 
easily  made  by  the  operator.  A  device  is  easily  provided,  bow- 
ever,  so  that  the  motion  of  the  motor  drives  the  worm  in  either 
direction  at  will  and  accomplishes  the  desired  result. 

A  double  form  mounts  both  front  and  rear  axles  on  fifth 
wheels  and  swings  them  in  opposite  directions,  thns  steering  both 
ends  of  the  vehicle. 

Front  axles  are  usually  solid,  although  sometimes  made  tabu- 
lar for  the  purpose  of  saving  weight.  A  single  tie-bar  between 
the  steering  arms  is  commonly 
used,  but  for  the  purposes  of 
safety  double  ones  are  sometimes 
provided. 

Control.  In  order  that  the 
front  wheels  may  be  controlled 
by  the  operator  a  number  of 
means  are  used,  the  most  common 
of  which  is  known  as  wheel  steer- 
ing. This  consists  of  a  rotatable 
post  fitted  with  a  wheel  at  its  top 
end  and  with  a  crank,  pinion,  or 
worm  at  its  lower  end.  Where 
the  crank  is  used  a  connecting 
rod  connects  the  outer  end  of  the 
crank  with  one  of  the  steering 
arms  wliich  project  from  the  steer- 
ing lieiid.  Turning  the  wheel  to 
one  side  a  (piarter  turn  throws  the 
in  one  direction  from  the  center 
position,  and  a  similar  opposite  turn  throws  theiit  in  the  opposite 
direction.     As   commonly   arranged,  the    post   is   turned  in  the 


Fig.rr.    SlwrliiB  WIUH'l. 
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fTT'T  direction  as  are  the  sttterJQg  necke,  so  that  the  rear  of  the 
steering  wheel  niovee  in  the  eaiiie  direction  as  thti  rear  of  the  front 
wheels  of  the  vebicl«.  In  the  earlier  forma  the  steeriug  poet  ?as 
rertical,  but  it  is  now  conBidered  advisable  to  iDcline  the  post 
bsckw^rd  at  the  top  so  that  the  operator's  seat  need  not  be  so 
uearlv   over    the   front  axle.     The  front  end  of  many  vehicles  is 


Ing  Wheel  Showing  Tbroctle  aiid  Spark  Levers. 


now  ntilized  for  the  motor  and  as  the  wheels  are  steered,  the  front 
of  tiie  vehicle  moves  to  one  side  or  the  other  in  a  manner  not 
found  in  horse  vehicles  and  not  conducive  to  comfortalile  rid- 
iiii,'.  This  objectionaide  feature  is  not  found  farther  buck,  on 
which  account  tlie  passengers  are  nsually  carried  nearer  to  the 
rear  axle.  In  some  vehicles,  the  vertical  post  is  equipijed  with  a 
tUler  or  rearwardly  projecting  lever.     This   was  formerly  much 
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used  on  light  vehicles  and  is  a  simple,  natural  method  of  steering, 
but  not  so  satisfactory  as  other  methods. 

In  other  instances,  the  vertical  post  stands  at  the  center  of 
the  operator's  seat  or  at  one  side  thereof,  while  the  steering  lever 
projects  across  the  vehicle  in  front  of  the  operator.     This  gives  a 

powerful  method  of  steering 
and  is  preferred  by  many  to  the 
tiller  steering. 

In  order  to  get  still  greater 
power,  double  levers  or  handle 
bars  have  been  used,  but  the 
preferred  method  is  the  wheel 
operated  by  both  hands  in  con- 
nection with  the  worm  or  pin- 
ion at  the  bottom,  by  which 
arrangement  the  rotation  of  the 
post  is  not  confined  to  a  half 
revolution  but  is  usually  ar- 
ranged to  make  nearly  two  rev- 
olutions and  in  some  cases 
more,  in  order  to  turn  the  steer- 
ing wheels  through  their  ex- 
treme movement.  It  will  be 
understood  that  the  pinion 
meshes  into  a  sliding  rack  at- 
tached to  the  proper  end  of  the 
connecting  rod,  and  that  the 
amount  of  movement  of  the 
front  wheels  depends  upon  the 
diameter  of  the  pinion. 

When  a  worm  is  used  the 
arrangement  is  slightly  more  complex,  there  being  usually  a  seg- 
ment of  a  gear  adapted  to  mesh  into  the  worm,  so  that  a  quarter 
revolution  around  the  center  of  the  gear  is  produced  by  the  two 
or  more  turns  of  the  steering  ])()st.  Attached  to  this  segment j's 
an  arm  connected  usually  by  ball  and  socket  joint  to  the  connect- 
ing rod.  The  advantage  of  this  construction  is  that  the  worm 
locks  the  front  wheels  of  the  vehicle  in  position,  against  deflection 


Fig.  49.    Duryea  Controlling  Lever. 

Swinjing  tbo  Icvor  sidewiM  pulls  tho  chains  and  steers  tbo 

wheel.    Sliding  tho  handle  ap  or  down  shifts  tho 

lever  settinK  cither  tho  high  or  low  clutch. 

Twisting  tho  handio  shifts  tho  rack 

which  controls  tho  throttle. 
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by  obstacles  or  causes  other  than  the  will  of  the  operator.  This 
arrangement  is  known  as  lock  steering  and  is  preferred  by  some. 
The  free  steering  is  the  more  common  form,  however. 

A  further  form  of  steering  employs  a  vertical  lever  carried 
by  a  horizontal  pivot  at  the  center  of  the  seat  near  the  front,  and 
arranged  to  swing  sidewise  for  steering  purposes.  This  lever  is 
between  the  passengers,  does  not  interfere  with  mounting  or  dis- 
mounting, is  in  position  to  be  operated  by  either  passenger,  and  is 
much  liked  by  those  who  have  used  it  as  well  as  other  methods. 
Being  patented,  it  is  employed  on  one  make  of  vehicles  only. 

Brakes,  Second  only  to  ability  to  go  is  the  power  to  stop,  on 
which  account  the  brakes  are  most  important.  A  wide  variety  of 
these  have  been  used  in  the  past  but  practically  all  have  been 
abandoned  excepting  band  brakes.  A  tire  brake  consisting  of  a 
shoe  bearing  against  the  tire  of  the  wheel  is  considered  d»^trimen- 
tal  to  the  tires  and  does  not  hold  well  on  wet  rubber.  Band 
brakes  are  applied  to  the  countershaft,  to  tlie  rear  sprocket,  to  the 
large  gears  of  the  balance  gear  and  to  the  hubs  of  the  wheels. 
They  are  of  two  varieties, — internal  or  expanding  bands,  and  ex- 
ternal or  contracting  bands.  In  the  earlier  form  the  external 
band  was  commonly  used,  one  end  being  fixed  to  the  frame  of  the 
vehicle,  while  the  other  was  attached  to  the  operating  lever.  Ap- 
plication brought  the  loose  end  in  contact  with  the  revolving  drum 
which  caused  the  band  to  tend  to  wind  itself  around  the  drum, 
forming  a  very  effective  brake  without  requiring  a  great  amount 
of  power  for  operation.  This  form  was  faulty  when  running 
backward  because  the  friction  of  the  loose  end  of  the  band  against 
the  drum  tended  to  release  the  band,  with  the  result  that  brakes 
of  this  kind  hold  well  in  one  direction  but  not  in  the  other. 

Most  forms  of  band  brakes  now  are  attached  at  the  middle  of 
the  band,  leaving  both  ends  for  o|)eration.  This  insures  that  no 
matter  which  way  the  vehicle  is  moving,  the  brake  is  equally  pow- 
erful. In  one  or  more  forms  the  band  is  provider!  with  two  |)oints 
of  8upj)ort,  one  of  which  takes  the  strain  in  a  forward  direction, 
the  other  in  a  reverse;  a»id  since  both  ends  are  ecjually  operated 
upon,  this  form  of  brake  is  particularly  powerful  and  re(|uires  but 
the  slightest  effort  on  the  part  of  the  operator,  being  practically 
self  applying.     On  the  heavier  vehicles  internal  and  external  bands 
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am  sometiiUM  appli«d  to  the  same  drum  afiixMl  to  the  hoI>s.  Tliis 
utilizes  double  the  surface  and  ^'ves  enonnoiis  l>r9king  power. 
Many  varieties  of  arrangement  are  found,  but  the  general  [iriuci- 
ple  is  the  same.  Brakes  are  nsnaUy  operated  by  foot  levers,  bat 
many  vehicles  have  also  a  hand  lerer. 

Two  methods  of  braking  are  considered  good  practice,  and 
most  vehicles  can  be  stopped  by  throttling  the  engine  or  applring 
the  proper  clutch,  bo  that  even  if  ontr  one  brake  is  used,  a  second 
means  of  control  is  always  pre^nt.  Some  makers  believe  it  is 
better  to  fit  one  brake  only,  in  order  that  the  nser.  by  using  il 
daily,  may  not  only  know  its  condition,  bnt  may  be  trained  to  nae 


it  intitaiillv  juhI  autoiimtifiilly.  benuitie  it  h;is  iH-fii  fuuiid  that  in 
(■iLKT'iii'iKUi's  llie  oporiitor  forgets  sjxi'lal  feature:!  tike  an  eirierireiu'V 
luiike,  iukI  fnils  In  use  thetii  even  though  he  liml  (le]>erHK-.l  uj->ii 
tlieiii  (i>  till-  rii'gleet  of  the  coiictition  of  the  more  ediiiirioulv  used 
brake. 

To  nreverit  iiiovenient  haekward  in  ea^e  of  failure  uf  tiie 
lirakes.  a  sprag  is  eoiiiinimly  used.  Tliis  is  hiuged  to  tin-  rear 
nxle  .if  the  M'liiele  aud  is  let  .iowii  at  tlie  bottoiii  of  tlie  Iiill  so  ihut 
il  ilra.rs,  fiiniiijig  a  pawl,  wliieh  at  llie  first  Icirkwaixl  ni.ivenierit 
„f  ihe^'vrliiele  .1]!^.-  into  tile  grouu<l.  elfeelually  st..p|m,g  i,i..v..nLeiit 
!,.„-k«ar.l.  S..iue  veliietes  have  the  wIhvIs  provi.M  with  nueUet 
teelhamlu  |«ivvl  to  engage  tlieiii  in  the  same  maimer.  Othersde- 
]„.ti<l    on    l.i-akeH  only,  but  in   i.nler  that  the    vehicle   may   I.e  loft 
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standing  on  a  hill,  provide  the  brake  levers  with  ratchet  and  pawl 
to  hold  them  when  set. 

WHEELS 

There  are  few  more  important  parts  in  a  motor  vehicle  than 
the  wheels.  These  are  sometimes  made  of  steel,  much  like  bicycle 
wheels,  but  the  earlier  forms  were  made  too  light,  on  which  account 
this  style  of  wheel  has  been  largely  condemned.  The  same  fact 
applies  to  wooden  wheels  as  commonly  used  on  carriages,  with  the 
result  that  the  accepted  form  to-day  is  the  artillery  wheel,  a  con- 
struction having  wooden  felly  and  wooden  spokes  with  large  butts. 
These  butts  join  each  other  forming  a  complete  circle  of  wood  at 
the  hub  and  are  gripped  between  flanges  of  metal  bolted  together 
through  the  wood.  Any  loosening  of  the  spokes  at  the  hub  is 
taken  up  by  tightening  the  bolts.  To  the  wooden  felly  is  attached 
the  metal  rim  which  engages  the  pneumatic  or  solid  rubber  tire. 
Some  wheels  are  in  use  having  steel  spokes  and  some  experiments 
have  been  made  with  springs  instead  of  spokes  in  the  attempt  to 
gain  elasticity  in  the  wheel  instead  of  at  the  tire.  The  common 
wheel,  however,  is  the  artillery  form  described. 

It  is  a  noticeable  feature  of  motor  vehicle  wheels  that  they  are 
much  smaller  than  the  wheels  of  horse  vehicles,  although  the  loads 
carried  are  decidedly  larger.  Tlie  reason  for  this  is  three -fold. 
Pneumatic  tires  are  costly,  so  the  vehicle  maker  to  save  first  cost, 
uses  a  small  wheel  with  consequently  small  and  cheap  tires,  and 
the  buyer  having  no  experience  assumes  that  this  must  be  best, 
after  which  the  maker  excuses  himself  by  saying:  '*The  public 
wants  it."  Small  wheels  are  doubtless  responsible  largely  for  the 
great  tire  and  mechanical  repairs  frequently  connected  with  motor 
vehicles,  and  also  with  the  lack  of  practicability  on  bad  roads,  in 
deep  snow,  and  similar  conditions,  successfully  negotiated  by  horse 
vehicles.  The  second  reason  for  small  wheels  is  the  fact  tliat  the 
motor  runs  more  rapidly  than  the  wheels,  which  necessitates  gear- 
ing,  and  large  wheels  require  a  greater  difference  in  gear  ratios 
than  do  small  ones,  thus  increasing  tlie  difficulty  of  the  builder. 
A  third  reason  for  small  wheels  is  their  greater  strength,  but  it 
seems  wiser  to  use  large  wheels  and  decrease  the  weight  of  the 
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parts  to  be  carried,  particularly  over  tlie  rough   roads  found  id 
most  parts  of  America. 

Tires.  Since  motor  vehicles  depend  upon  the  wheels  for  pro- 
pulsion, tires  having  great  traction  are  necessary,  particularly  if 
a  large  proportion  of  the  load  is  carried  on  the  front  wheels,  which 
must  be  pushed  by  the  rear  oneB.  On  this  account  rubber  tiree 
are  practically  necessary,  be- 
cause steel  tires  slip  on  every 
bit  of  ice,  on  iron  rails,  and 
even  on  bard  pavements  unless 
caused  to  grip  by  spikes  or 
similar  projections,  which  are 
both  rough  and  noisy.  On 
some  vehicles  blocks  of  wood, 
preseutmg  the  end  of  the  grain 
to  the  street,  are  used  instead  of 
tires  and  are  found  more  dur- 
able and  less  expensive  than  rubber  and  less  noisy  than  metal, 
while  giving  good  tiactiun.  For  trucks,  such  tires  seem  well 
adapted.  Wide  heavy  tires  of  solid  rubber  are  also  used  on  heavy 
vehicles,  but  the  pneumatic  tire  from  2A  to  5  inches  in  diameter  is 
the  prevailing  form.  Tliese  not  only  give  traction  but  smooth  the 
road  very  perceptibly,  and  are  therefore  well  adapted  to  high  speed. 
Although  many  other  styles  are  constantly  being  tried,  such  as 
various  forma  of  arched  or  cushioned  tires, 
also  tires  having  steel  springs  for  resiliency, 
the  pneumatic  tire  is  almost  universal. 

This  was  formerly  most  common  in  the 
single  tube  9lia])e,  but  of  later  years  Ihe  de 
tachahle  tire,  consisting  of  an  outer  shoe  or 
casing  with  a  removable  air  tube,  lias  become 
the  favorite.  Metal  rims  are  nowadays  pro- 
vided with  one  wide  removable,  whieh  ])erniits 
the  tire  to  slip  off  easily,  iifler  which  the  air  tube  can  be  re- 
[iiiired  or  a  jiiitch  laid  on  the  inner  side  of  the  casing.  Three 
coninion  fonus  of  tiivs  are  in  use  at  present. 

Tlie  Clinclier   tire  is  so  called   because  as  first  oonstmcted. 
its  edges  were  provided  with  hooks  or  clinchers,  which  engaged 
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Fig.  SS.    CUDCber  Tire. 


similar  hooks  along  the  edge  of  the  rim.     As  dow  constructed 
these  are  practically  abutments  resting  against  the  upturned  edges 
of  the  rim,  the  tire  being  held  down  in  the  rim  bj  its  constrictive 
fabric,  v^ich  causes  it  when  in- 
Sated  to  shorten  in  length  and 
grip  the  rim  forcibly.    Clincher 
tires     are    sometimes    held    in 
place  more  positively  by  large- 
headed  bolts,  which  clamp  the 
edges  of  the  casing  between  the 
heads  and  the  sides  of  the  rim 
and  prevent  the  tire  from  lift- 
ing  and  blowing  out  of  the  rim 
when  turning  corners  at  speed, 
or  when  partly  deflated. 

The  wired  tire  has  an  end- 
less wire  fitted  in  each  edge.  This  wire  is  just  large  enotigh  to 
pass  over  the  base  of  the  rim  and  cannot  pass  over  the  flange  or 
side  when  in  place.  In  this  form  the  wire  performs  the  duty  of 
holding  the  tire  to  the  rim,  so 
that  the  fabric  is  called  upon 
only  to  retain  the  air  pressure 
within  the  tire  and  may  there- 
fore be  less  strained  than  in  the 
constrictive  form  where  it  mast 
both  hold  the  air  and  also  the 
tire  itself,  thus  performing  a 
double  duty.  A  third  form  has 
its  eilges  clam]>ed  along  the 
sides  of  the  riin  by  meclianical 
means.  This  is  a  must  positive 
fastening,  effectually  preventing 
creeping,  rolling,  or  blowing  off, 
but  it  is  not  so  quickly  removeil 
**^i^i*^-^ ■^^^- f— ~  ■^. -•.'">■''  for  repairs  as  is  the  wired  tire 
™«N.rtw«dii«.iipoff<~i7.  ^-^jj  r^niovable  flange  to  the  rim. 

"With    tires   as  with   wheels,   the    size    is  important.     The 
strength  of  rubber  and  fabric  is  quite  limited  and  a  surface  sulli- 


Plg.  M.    Wli*d  Tire. 


by  separotiug  them,  the  inai^elism  in  dischargiug  from  th«  con 
induces  a  very  intense  currt-Mt  iu  the  coil,  which  jumps  ihp  gap 
betWL«n  tht)  electrodes,  ninkiug  a  spark  so  intcii&i-ly  hf>t  th;it  ovm 
hoavy  cyliador  oil  is  vaporixeii  aiid  any  n^asoiuibly  t>xplosiveiiiil> 
ture  is  ignited  with  certainty.  I 

The  itiovubtc*  electrode  is  operated  by  any  suitable  mechs&b^r  I 
"n'hich  differs  in  different  designs,  bnt  it  is  a  common  practice  to     | 
Isring  the  points  tc^ether  by  a  strong  spring  and  to  sejmratt)  theoL 
by  a  blow  as  from  a  hammer.    The  coil  used  roust  both  ohargi^  and 
discharge  qxiickly  iu  order  to  be         dlohiyhej>e*xl  work,  and  bibcb 
the  spark  is  caused  by  the  dis  >,  the  points  must  be  se|)anit(il 

far  enough  (nearly  J  inch),  to  |  ?  ample  room  for  the  spark  b'lofp 
the  strength  of  the  discharge  has  been  ajjent,  so  that  in  this,  as  in 
the  vibrator  of  the  ordinary  jump  spark  e-oil.  a  sharp,  quick  breai 
is  an  essential  feature.  The  moving  parts  must  also  bo  light  in 
order  that  they  may  move  quickly.  The  merits  of  tbts'&>'steni  have 
compelled  recognition  from  the  beet  makersand  it  now  ws'ms  liki'ly 
to  supersede  the  jump  spark  on  high  grade  \'obicle8. 

In  France  the  jump  spark  was  used  aa  early  as  18R2  by  Lenoir, 
and  later  by  Benz  in  Germany.  It  was  brought  to  its  most  suc- 
cesafnl  form  on  high  speed  motors  tjy  DeDion  and  Bcotm  abont 
1896  and  its  success  on  the  many  little  tricycles  turned  oot  by  this 
concern  gave  it  an  impetus  into  public  favor,  vrhioh  it  has  largely 
since  retained.  In  this  system  the  two  electrodes  are  both  fixed, 
generally  iu  the  form  of  a  plug  which  may  be  screwed  into  the  wall 
of  the  cylinder.     Usually  one  electrode  only  is  insulated,  bnt  both 

are  insulated  in 
some  cases  and 
oonnected  to  the 
two  high  tension 
terminals  of  the 
jump  spark  c»il 
or  transformer. 
This  coil  is 
Pis.  SI.  sectioBof  juDp-siMrkcoit.  quito  Complica- 

ted and  consists  of  a  primary  winding,  forming  part  of  a  primary 
circuit—  the  equivalent  of  the  circuit  employed  on  the  make  and 
break  system — a  condenser  connected  across  the  primary  oircnit 
on  opposite  sides  of  the  circuit    breaker,    and  a  secondary  ooil 
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X«iralU*l    to    the    x^ri^^^ry?   ^^^   much    longer    and    of  finer  wire. 

The  th«*<>ry  of  this  coil  is  that  when  a  current  is  jmssed  through 

a    wire    it    will    induce  a  current    in    another    wire    parallel    to 

the  first.      Wh^n   the  circuit  is   broken,   the    core    of    the    coil 

being  s^-iturated  and  discharging,  as  in  the  primary  coil,  induces 

a  very   strong  electric  imi^ulse  in  the  long  secondary  coil,  with 

the    rt-sult  that  a   sx)ark  will  jump  a  considerable  gap  between 

the  eleotrodes  to  which  the  terminals  of  the  secondary  coil  are  con- 

necttnl.     Because  of  this  ability  to  jiunp,  the  system  takes  its  name. 

In  the  primary  circuit  of  both  systems,  the  induced  current  tends 

to  jnnip  where  the  circuit  is  broken,  but  in  the  secondary  circuit 

the   iinluced   current  must  jump  the  i)ermanent  gap  because  the 

terminals  do  not  move. 

In  onler  to  avoid  the  large  spark  at  the  breaker  or  vibrator  in 
the  primary  circuit,  a  condenser  consisting  of  many  layers  of  tin 
foil  insulated  from  each  other  by  waxed  paper,  is  arranged  with 
alternate  sheets  connected  to  the  terminals  of  the  primary  circuit 
on  ox>ix)site  sides  of  the  circuit  breaker.     This  de.vicein  effect  pre- 
vents the  discharge  of  the  core  from  expending  itself  by  producing 
a  current  in  the  primary  circuit,  and  therefore  increases  or  con- 
denses the  spaik  in  the  secondary  circuit. 

/^T\  Contact  Maker 
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Pig.  58.    Wiring  Diagram  of  Jump-Spark  Ignition. 

In  the  simplest  forms  of  jump  spark  ignition,  the  primary  cir- 
cuit breaker  is  ox)erated  by  the  mechanism  of  the  engine,  which 
causes  the  primary  circuit  to  be  broken  when  the  spark  is  desired, 
just  as  in  the  make  and  break  system.    Since,  however,  better  re- 
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suits  ari'  obtaimtl  by  closing  aiwl  bn^nking  this  circuit  at  a.  certain 
rati!  of  s[)i-(kI,  tliari  iit  other  nites,  it  is  now  most  common  to  em- 
ploy vibrator  coils  which  have  a  si>ring  arranged  to  close  the  cir- 
cuit and  employ  Iho  iiiiigm-tism  of  the  coil  to  attract  the  spriug, 
when  the  core  is  satiiratul,  and  thus  automatically  break  the  cir- 
cuit, roRiiltiag  in  a  continuous  vibration  or  buzzing  with  an  ac- 
coinimDying  stn'am  of  sparks.  With  this  arrangement  it  is  neces- 
sary to  brc^iik  tlie  primary  circuit  in  order  to  stop  the  sparks  when 
not  wanti-d,  and  to  this  end  a  timer  is  operated  by  the  engine  in- 
stead of  the  mechanical  breaker.  By  means  of  this  timer  the  cur- 
rent is  connected  at  the  proper  time  and  the  vibrator  produces  one 
or  more  sparks,  one  only  at  high  speeds  and  several  at  very  low 
speeds,  as  when  starting.  This  timer  is  usually  adjustable  so  that 
the  circuit  may  be  connected  earlier 
or  later  as  compared  with  the  move- 
ment of  the  engine  by  which  ar- 
rangement it  is  possible  to  produce 
the  sjmrk  as  desired,  either  after 
the  piston  has  passed  the  dead 
center,  or  more  or  less  before  the 
dead  center,  in  some  cases  45  de- 
k  grees  ahead. 

Tlie  object  of  this  advance- 
ment is  two-fold.  The  jump  spark 
is  so  small  that  the  ignition  of  tlie  explosive  chaige  begins  slowly. 
Second,  the  time  required  by  the  vibrator  after  the  primary  circuit 
is  connected,  is  dependent  upon  the  adjustment  of  the  vibrator 
but  may  be  such  part  of  a  second  (usually  .004  to  ,005)  that  the 
crank  shaft  will  have  moved  5,  10  or  even  more  d^rees  of  angu- 
larity before  the  spark  takes  place.  This  lag  is  particularly  no- 
ticeable when  the  vibrator  has  just  broken  connection  as  the  timer 
made  connection,  the  result  being  that  the  spark  cannot  occur  until 
the  vibrator  spring  has  nuKle  one  movement  and  swung  back  into 
contact  long  enough  to  charge  the  coil. 

This  condition  frequently  exists  with  the  result  that  igni- 
tion takes  place  at  various  times  instead  of  at  a  fixed  point, 
as  with  the  make  and  break,  and  the  position  of  the  timer  does  not 
represent  the  average  ignition  position  but  rather  the  advanced  po- 
sition with  average  cases  much  behind  and  extreme  cans  Btillmore 
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.     Recognizing  tliis  effi-ct.  jump  spark  users  are,  to  some  extent, 

nployiiig  a  single  coil  on  niultiple  cylinder  engines  and  distrib- 

JBg  the  secondary-  Rjiark  from  one  plug  to  the  next  by  a  well  in- 

ilated  coninmtator  or  dlstribntor,  so  that  the  average  position  of 

^tion   may   be   the  same  on  all  cylindera.     If 

iparate  coils  witb  separate  vibrators  are  osed,  the 

ifference  in  the  vibrators  oanses  a  different  average 

intion  of  ignition  and  since  the  multiple  point 

iner  cannot  be  adjusted  for  one  cylinder  inde- 

(endent  of  another,  the  result  is  a  slight  difference 

in  the  strength  of  Gyration  of  the  different  cylin- 


Since  the  secondary  or  high  tension  cuirent 
dthejnmp  spark  system  is  of  sufficiently  high 
nltage  ( 10,000  to  25.000)  to  jamp  the  gap  between 
Ike  electrodes  while  the  charge  is  nnder  compres- 
■on,  it  will  jnmp  a  very  large  gap  in  the  open  air, 
ttd  must  therefore  be  very  carefolly  insalated- 
lubber  covered  wire  i  inch  or  more  in  diameter  is 
anmonly  nsed,  the  wire  itself  b^ing  very  small. 
Tbeidngs  are  nsnally  of  glazed  porcelain  or  of 
ti^tly  rolled  mica  or  in  some  instances,  of  lava  or  .  pig.  «i 
ftter  heat  resisting  materials.  The  gap  between  '''^'''f"  '« 
1^  electrodt*  or  sgjark  points  is  usually  -,•;  inch,  or  slightly 
■me,  and  a  spark  to  successfnliy  ignite,  nwler  the  influence 
'i  the  resistance  of  the  compressed  charge,  should  hav-  sntficient 
**rgy  tojnmp  |  or  i  inch  in  the  ojajn  air.  A  l-akag*-  of  el<-c- 
tiicity  from  the  high  tension  circnit  can  n.'inaily  1>-  s«rn  in  the 
^by  a  slightly  luminoas  VwTisb-likedi.sch&rg-.  nal  i!ii>a:-s  a 
pMnt  where  the  insnlation  should  h^  impror-i  if  '.':.■■  best  t-^uI'.~ 
wdesirMl. 

A  thini  system,  which  has  atlaic->:«i  tO's.-  pro-.-.l.-.^rn'*-  r«>-ii'.'.y. 
■  the  magnetic  make  an*!  br«ik.  coms^-Of,!;."  -^.'..—i  tr.-  :;.ig:.^*.;c 
plug-  In  this  device  the  magrt^L=ni  of  tr.^  ^.r'.n.^.r/  '-■'-;!  or  of  aa 
•niliary  primary  coil  is  asM  l/^>  seffer^:-^  '.-■^  ir.\'-^'-j.-  ^.r^-'-rr^i-^ 
from  the  fised  electrode  inslrad  o?  :.•.-  ^i^r-.:'.'.:.  '-^-.-..z  ;:.'.•'.•■  t-y 
■Kclianical  means.  A  Xxu^t  is  t»?or*-sAr>'  ;;.  *-.-  ';.—.■;-•.  f'.r  tr-r  r;-- 
int  is  oommonly  c)as«i  and  m.-A'.  >^  r.—  i^r.  "'.y  t:;e  '..:i.~r  to  p?r. 
mt  a  oontiBiioos  soceeanon  of  itA.-iu      Tw^  ixr:.x  of  tiu£  devke 
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is  that  it  18  not  well  adaptwl  to  curreuts  of  varj'iug  strength,  as  for 
example,  the  curreut  from  a  generator  driven  by  the  engine:  ^ 
cause  in  starting,  the  engine  cannot  be  turned  fast  enough  to  pro- 
dnee  a  strong  current  and  the  magnetic  plug  will  not  operate,  or  if 
adjusted  to  operate  on  a  weak  current,  it  operates  continuously  oo 
a  small  saturation  of  its  magnet  mi 
breaks  the  circnit  before  the  core  is 
properly  satarated  as  is  required  !« 
large  spark.     To  overcome  these  de- 
fects, a  two  circnit  device  hasbeco 
used,  both  primary,  and  not  comvli- 
cated.  One  circuit  operates  the  mak* 
and  break  while  the  other  is  a  sparl*-' 
ing  circuit  pure  and  simple.  The  mag" 
netic  plug  is  believed  to  combine  *** 
a  large  d^ree,  the  good  features  <** 
both  the  make  and  break  and  jniAf 
systems  and  with   suitable  derelof 
ment  will    doubtless    have   a  larg^ 

FiB.«.    Magnetic  Spark  Plug.  ,    .  ^ 

future. 

The  hot  tube  ignition  used  by  Daimler  and  others  until  th^ 
beginning  of  this  century  is  now  seldom  found. 

Galvanic  Cells.  The  earliest  source  of  current  was  galvanic 
cells  cinployin'T  a  liquid  electrolyte.  These  were  sloppy,  short 
lived  iiiul  vei y  unplwisant  to  hiindlu,  because  of  the  nature  of  the 
(ili'ctriilytf,  whioli  wiis  either  sulphuric  acid,  caustic  soda,  sal  am- 
moniac, or  sometliiiig  of  this  nature.  Such  batteries  have  beenn- 
placed  by  dry  cells  iwicked  solid  and  simply  moistened  with  a  sal 
aminoniac.  sohiiion.  These  are  nut  likely  to  leak  even  when  placed 
on  their  sid-s  Ix'cause  of  tJie  small  proportion  of  liquid  contained 
by  tlK'Ui.  Tiu'V  are  cheap  in  price  anil  because  of  their  nse  in  tele- 
phone service,  are  purchasable  almost  everywhere.  They  deliver 
their  output  uiidi'r  a  tension  of  one  to  one  and  oue-hnlf  volts  and 
therefore  require  a  less  number  in  series  than  most  wet  cells.  The 
ordinary  make  and  break  coil  is  desigiied  to  operate  with  from  6  to 
10  volts  and  2  or  mom  amix-n-s,  although  very  satisfactory  results 
can  be  (ibUiined  with  much  less.  The  jump  coil  is  usually  wound 
tor  four  to  eight  volts  and  gives  best  results  if  the  amperage  is 
quite  large.     Four  to  six  cells  in  series   is   the  customary  battery. 
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and  good  practice  makes  use  of  two  or  more  series  alternately  nntO 
all  are  perceptibly  weakened,  after  which  two  series  are  connected 
in  parallel  or  multiple  which  doubles  the  strength  (amperage), 
while  maintaining  the  proper  voltage.  As  the  voltage  of  the  cells 
decreases,  connecting  an  additional  cell  in  series  is  advisable. 

Some  osers  prefer  storage  cells  known  as  accumulators  or  sec- 
ondary batteries.  These  cells  deliver  two  volts  each,  and  since  the 
internal  resistance  is  low,  they  will 
deliver  a  large  quantity  of  current 
and  tbns  make  a  strong  spark.. 
They  are  prepared  in  small  sets  I 
suitable  for  ignition  purposes,  giv- 
ing four  to  ten  volts,  and  although 
heavy,  are  quite  reliable.  Their 
6r8t  cost  is  greater  than  dry  cells 
and  the  cost  of  recharging  is  fre- 
quently as  much  as  a  new  set  of 
dry  cells.  They  are  probably  most 
satisfactory  when  used  in  connec- 
tion with  a  direct  current  magneto 
or  dynamo,  by  which  they  are  kept 
fully  charged  and  able  to  give  a  strong  spark. 

Mechanical  Generators.     An  early  form  of  mechanical  gen- 
erator was  a  small  shunt-wound  dynamo.     These  are  used  to  a  con- 
^■g^^^^^^^^k  siderable  extent  and  not  only  give 

fl^n^l^^^^l^^  laige  sparks  for  both  the  jump 
^^BJH^^^^&^H  and  make  and  break  systems,  but 
J^^l^^^^^^^^l  also  ser\'(^  to  charge  batteries,  light 

^^nnB^^^^^^^^H  electric  lamps,  operate  magnetic 
^■HrV^^^^^^^^^^^^  clutches  and  even  operate  mag- 
^FI^H^^^^^^^^I^^'  netic 

^I^H^I^^^^^^^^BE  The    most    common   form   of 

J^^^w***^^'       mechanical  generator  is  the  direct- 

currcntmagneto,  which  differs  from 

yif.i3    Aiiernsiin^-curirnt  MBgnrio.     the  (lyniimo   in   thiit  the   field  is 

comixjsed  of  piirmanent  magnets.    Thest;  generate  current  at  lower 

speeds  than  the  dynamo  and  the  current   does   not   increase   in 

quantity  with  the  speed  to  so  large  an  extent,  on  which  account 

it    is   better  adapted  to  the   varying  conditions   of  anto  work. 


.    Aecnmolxor  tot  G4i  Engine 
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It  18  cTistomary  to  drive  these  direct-cvirreut  generators  by 
friction  pulley  in  contact  with  tlie  fly-wheel,  and  some  form  of  gov- 
ernor is  provided  to  withdraw  the  pulley  from  contact  and  thus 
prevent  the  generator  being  driven  at  excessive  speeds,  and  yet  bo 
driven  by  the  small  pulley  at  a  sixH;d  fast  enough  to  spark  when 
the  engine  is  running  slowly.  It  is  quite  common  to  use  these  de- 
vices for  starting  tho  engine,  but  in  many  cases  a  battery  of  dry 
cells  is  provided  which  makes  starting  somewhat  easier. 

The  alternating  magneto  will  produce  two  sparks  or  electrical 
impulses  at  each  revolution  of  the  arniatare,  and  in  order  that 
these  may  occur  at  the  proper  time,  it  is  positively  driven  by  gears. 
This  form  has  no  brushes  and  only  one  contact  from  which  the  live 
re  is  carried.  The  discharge  of  the  armature 
serves  the  same  purpose  as  a  Bi>ark  coil,  so  no 
spark  coil  need  be  used.  As  ordinarily  made, 
these  are  about  twice  as  heavy  as  the  direct-current 
magneto  and  will  give  a  spark  at  as  low  as  50  or 
75  n'volutions  per  minute,  whereas  the  direct-cur- 
rent mngiieto  requires  five  times  this  speed  to- 
generate  a  stHirk  sufficiently  strong  for  ignition. 
Of  course,  neither  magneto  will  spiirk  properly  at  such  speeds,  the 
alternator  usually  re(|uiring  several  hundred  revolutions,  while  the 
direct-current  device  or  thf^  dynamo  are  usually  driven  above  1000. 
In  case  of  trouble  the  bruslies  or  contact  points  aro  usually  at 
fault.  The  contact  surfaces  will  free^uently  be  found  dirty  and 
glazc'd  in  a  manner  to  prevent  the  i>aS3age  of  current.  Sometimes 
a  bit  of  iron  attracted  by  the  magnetism  forms  a  short  circuit 
across  some  hisulated  parts.  The  bearings  should  be  cantfully 
watcheil,  for  if  much  woni  the  armature  will  strike  and  reduce  the 
s]x^'d,  or  if  dry,  the  friction  of  the  b'arings  will  be  greater  than 
that  of  the  driving  pulley  and  the  sijeed  will  be  too  low  for  regular 
ignition.  If  the  jmlley  surfata^  is  dry,  ajiply  belt  dressing  or  a 
trace  of  heavy  oil;  but  if  gn-asy,  apply  iwwdennl  common  chalk. 
Resin  is  sometimes  used,  but  if  the  fly-whe<'I  surface  is  hot  it  is  not 
satisfactory,  because  it  is  oily  when  hot  and  increases  the  slip- 
ping. These  remarks  also  apply  to  friction  driving  gears. 
PUMPS. 
Puuips  are  usually  one  of  throe  varieties,  centrifugal,  vane,  or 
gear,  although  r<'cix>rocating  plunger  pumps  are  occaBion^y  used. 
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The  centrifugal  pomp  is  usually  o  or  6  incbes  in  diameter  by  1 
inch  thick,  with  a  revolving  vane  driven  by  a  shaft  which  projects 
thmngh  a  staffing  box  forming  one  end  of  the  axis  of  the  pump. 
Thevater  is  admitted  at  a  central  opening  on  the  opposite  side  of 
the  case  and  leaves  the  case 
through  a  tangential  opening 
on  the  edge.  These  pumps 
)  not  easily  clogged,  have 
I  no  parts  to  wear  or  be  noisy, 
employ  no  valves,  and  do  not 
impede  the  natural  circulation 
of  the  water  if  for  any  reason 
they  cease  running.  They 
are  quite  usually  driven  by 
Fig.tt.  v«iie  Pump,  friction  pulloy  and  are  gener- 

^lly  speeded   to  300  revolutions   per  minute  or   faster. 

The  vane  pump  is  somewhat  smaller  in  diameter  but  of  great- 
"  thickness  and  has  the  casing  eccentric  with  respect  to  the  shaf  I . 
">«  inner  end  of  the  shaft  is  enlarged  concentrically  to  meet  the 
fWst  inner  surface  of  the  casing,  and  a  slide  or  vane  is  forced 
*>?  tbe  revolution  of  the  shaft  alter-  _ 

MWy  back  and  forth  through  this 
^"Wged  end.  This  slide  is  frequently 
liitided  at  its  center  and  fitted  with  a 
*l*ing,  which  keeps  the  ends  in  con- 
'*rtffith  the  inner  circumference  of 
>be  case  at  all  times.  The  inlet  and 
'•"tlet  are  tangentially  placed  on  either 
*We  the  contact  point  of  the  enlarged 
shaft  end.  The  vane  ends  wear  rapidly 

"  tht  water  contains  grit,  and  small  "'■ "'  *""'  ''""''■ 

***taclea  are  likely  to  do  damage.  This  form  of  pnuip  is  usually 
•Iriveu  by  gears  or  attached  directly  to  the  cam  shaft  or  similar 
[*rt  of  the  motor. 

The  gear  pump  consists  of  two  gears  of  coarst'  jiitch,  meshing 
"Relher  and  revolving  in  a  figure  -8-  shaped  cast',  tlit^  iiilot  bt'ing 
**  one  side  of  the  center,  the  outlet  on  the  other.  Tlio  ]i<iiii(l  is 
•^■TiM]  by  the  tooth  spaces  around  the  ends  of  tlin  S  Imt  cinirio.t  n-- 
toni  between  the  gears  because  crowded  out  of  the  spa<us  by  the 
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meshing  of  the  teeth.  This  pump  has  no  valves  but  like  the  vane 
pump,  is  liable  to  damage  if  foreign  matter  is  permitted  to  enter, 
and  it  is  of  small  capacity  in  proportion  to  its  size.  These  pump 
shafts  are  fitted  with  stuflBng  boxes  to  prevent  leakage  of  water 
around  the  shaft.  Prepared  packings  are  usually  supplied  for 
these  boxes,  but  candle  wick  filled  with  tallow  or  other  heavy 
grease  is  quite  commonly  used. 

Reciprocating  pumps  employing  piston  and  check  valves  are 
sometimes  used  but  not  frequently,  although  common  in  launches. 

Failure  of  the  pump  to  work  is  usually  manifested  by  rapid 

boiling  of  the  water,  smoking  of  the  lubricating  oil,  and  in  extreme 

cases,  by  loss  of  power,  premature  ignition,  with  pounding,  and  the 

symptom  of  stiffness  in  the  engine  when  turned  by  the  starting 

crank.     An  air  or  steam  trap  or  pocket  is  often  responsible.    Drain 

the  system  and  refill  taking  care  to  get  out  all  air.      If  clogged  by 

solid  material  the  pump  must  be  opened  although  turning  backwards 

may  relieve  it  temporarily. 

AIR  FANS. 

For  air  circidation  the  ordinary  screw-blade  fan  is  most  common. 
This  is  seldom  constructed  with  less  than  four  blades  and  gener- 
ally, in  order  that  it  may  not  be  of  great  thickness  in  proportion 
to  its  diameter,  it  has  eight  to  twelve  or  even  more  blades.  It  is 
usually  mounted  on  ball  bearings  commonly  run  by  V  or  round 
belts,  although  flat  belts  and  s^jur  gears  are  sometimes  used. 

Next  in  frequency  of  use  is  the  practice  of  making  the  spokes 
of  the  fly-wheel  serve  as  fan  blades  and  thus  avoid  the  fan  with  its 
extra  parts,  high  speed,  added  bearings  and  extra  oil  cups.  The 
use  of  a  centrifugal  fan  or  blower  has  been  attended  with  good 
results  and  is  advisable  where  much  pressure  is  preferred  rather 
than  large  volume  of  air.  In  some  instances  the  energy  of  the  ex- 
haust has  been  used  to  induce  a  current  of  air  and  cause  this  to 
assist  the  cooling  without  additional  mechanical  parts. 

Both  i^ump  and  fan  troubles  usually  arise  from  failure  to  be 
driven,  generally  because  of  slipping  of  the  belt  or  friction  pulley, 
or  because  some  obstacle  impedes  th(?  movement  of  the  pump  or  fan. 
Pumi)s  somi^times  c(^ase  to  work  because  they  fill  with  steam,  which 
leaks  back  through  the  punq)  as  fast  as  it  is  forced  forward.  The 
remedy  is  usually  obvious  and  the  trouble  is  noticed  when  symp- 
toms of  overheating  in  the  engine  apjx^ar. 
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lumillt^    to    the    primary,   but   much    longer    and    of  finer  wire. 

The  th€K>ry  of  this  coil  is  that  when  a  current  is  i)assed  through 

a    wir*^    it    will   induce  a  current    in    another    wire    parallel    to 

the   first.      Whan   the  circuit   is   broken,   the    core    of    the    coil 

lH?ing  siiturat^  and  discharging,  as  in  the  primary  coil,  induces 

a   very   strong  electric  impulse  in  the  long  secondary  coil,   with 

thtL»    rt*sult  that  a  spark  will  jump  a  considerable  gap  between 

the  eU^ctrodes  to  which  the  terminals  of  the  secondary  coil  are  con- 

iieoted.     Because  of  this  ability  to  jump,  the  system  takes  its  name. 

In  the  primary  circuit  of  both  systems,  the  induced  current  tends 

to  jump  where  the  circuit  is  broken,  but  in  the  secondary  circuit 

the   iiidiieed   current  must  jump  the  permanent  gap  bcjcause  the 

terminals  do  not  move. 

In  order  to  avoid  the  large  spark  at  the  breaker  or  vibrator  in 
the  primary  circuit,  a  condenser  consisting  of  nmny  layers  of  tin 
foil  insulated  from  each  other  by  waxed  paper,  is  arranged  with 
alternate  sheets  connected  to  the  terminals  of  the  primary  circuit 
on  opposite  sides  of  the  circuit  breaker.  This  device  in  effect  pre- 
vents the  discharge  of  the  core  from  expending  itself  by  producing 
a  current  in  the  primary  circuit,  and  therefore  increases  or  con- 
denses the  spaik  in  the  secondary  circuit. 


Contact  Maker 


Fig.  58.    wiring  Diagram  of  Jump-Spark  Ignition. 

In  the  simplest  forms  of  jump  spark  ignition,  the  primary  cir- 
cuit breaker  is  operated  by  the  mechanism  of  the  engine,  which 
causes  the  primary  circuit  to  be  broken  when  the  si)ark  is  desired, 
just  as  in  the  make  and  break  system.     Since,  however,  better  re- 
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board  and  back  was  quite  commoii,  This  was  directly  over  the 
front  axle,  rode  unpleasantly,  required  lap  robs  to  protect  ladies' 
and  children's  skirts  from  the  wind,  and  espoaed  the  passengers  to 
dangers  of  collision  and  scary  horses.  J"»  well  as  getting  them  in 


Fig.OT.    Aimntcideiil  of  Hxtm  deal. 

the  way  of  the  opiTator's  vision.     Seats  facing  the  rear  are  stUI 
used  ill  lai^H  toiiiiciins  imd  serve  well. 

The  foliliiif;  rear  has  been  recently  introduoird  and  converts  the 
runabout  into  a  snrry  in  a  practical,  comfortable  and  inexpensive 


manner.  Unlike  a  ditaeliable  touneiui.  it  is  always  present  when 
wanted,  itnd  iniickly  closed  when  not  wanted.  It  adds  little  extra 
weij;lit,  reipiires  no  nieeiianlriil  work  to  oueii  or  close  and  bids  fair 

to  tx'  a  iH'rrnanent  device. 
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Inwuih  fonns  of  vehicles  notably  cabs  dinl  broiiglijiuis,  in- 
I  Wfid  lu  be  driven  by  drivers  for  hire,  the  operator's  seat  is  at 
I  oi» MtreniB  front  or  at  the  estn;me  rear  as  in  similar  horse  vehi- 
I  "H'  IlAetinis  uvidont  that  similar  roquirernents  will  largely 
I  tticiaitf  Biriiilar  fonun  iii  autoe  as  in  horse  vehicles,  and  mechanics 
I  'ill  doobtlt'sa  b<>  abh-  to  aci-oiiiniodate  the  mechanism  to  the  bodies 
p  "itliiiul  ({wat  deviation  from  those  vehicle  forms  proved  by  years 
•"■'Bnitai  to  tho  needs  of  thy  pnblic. 

T<»ps,   Aiilo  tops  are  subHtantially  the  eij^uivalont   of   those 

!'*''« "II  Itoree  TchidtM  although  generally  lai^-r  and  ninre  strong- 

1 1;  nuidi'.   Thvy  are  oith*T  single  or  double,  of  the  folding  or  cape 

lop variplj;.  with  occasionally  a  canopy  top  and  quite  fri'qiieutlj 

a  flandliig  U)[)   with  curtnius   or  with   glass  windows,   forming  a 


I  ■'"niildtely  enclosed  vehicle.  High  speeds  in  lold  weather  have 
I  "tain  nunc  form  of  protection  di-sirable,  so  glass  plates  are  fitted 
*  front  of  the  driver  aud  nrv  nsed  either  with  or  without  the  top 
I  "liwirDd.  They  should  bt!  folding  or  removable  because  the  air 
[  •nietlliehiiid  tlieni  U  dust  laden  in  dry  weather  and  in  rain  or 
"•inwcan  not  well  see  through  them. 

LocoUon  of  Mechanism.  Several  Jirraugements  of  mechan- 
ic w>r  in  nse.  In  the  earlier  forms  the  motors  were  placed  under 
"■ip'fator'sseat  b»TUPS<f  this  wits  near  to  the  driven  axle  and  was 
^  ntost  available  sjiace  unused  by  the  passengfrB,  As  motors 
■TiMi-d  in  size  this  space  was  not  sufficient,  so  tiio  body  of  the 
^cti-  waK  cxti'tided  backward,  llie  full  height  of  the  seat,  giving 
"ch  ndditiniutl  room.     Additional  passeiigerB  wi:n:  either  placMl 
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in  front  or  on  top  of  this  rear  eiteneion,  with  the  reBult  that,  as 
motors  were  made  still  larger,  they  were  crowded  down  under  the 
floor  in  a  dark  and  inaccessible  ix>sition  as  well  as  exposed  to  the 
mud  and  diist  of  the  road.  These  faults  compelled  recognition, 
nnd,  coupled  with  the  unpleasant  riding  qualities  of  the  front  end, 
caused  the  motor  to  be  pjacetl  at  the  front  with  the  transmission 
guar  and  similar  fittings  under  the  floor  as  in  common  use  at  pres- 
ent. In  a  few  instances  designers  were  able  to  provide  sufficient 
power  in  the  space  under  the  seat  and  thus  avoided  placing  the 
motor  in  front,  far  removed  from  its  point  of  application  of  power, 
and  the  success  of  such   arrangement  with  the  success  of  rear- 


placed  motors  renders  it  likely  that  in  the  near  future  the  motor 
the  rear  will  be  considered,  as  it  undoubtedly  is,  the  best  engineer- 
ing practice. 

Most  designers  began  by  using  single-cylinder  motors  which 
were  placed  horizontally  longthwise  of  the  vehicle,  because  this 
placing  secures  low  center  of  gravity  andle;tst  vibnition.  Increased 
power  was  secured  by  doubling  the  cylinders,  but  since  a  twin  motor 
of  the  four-cycle  type  ignites  in  irregular  se<iuence  if  the  cranks 
are  opposed,  the  double  opposed  motor  became  the  accepted  two- 
cylinder  form.  This  ignites  one  cylinder  t>ach  revolution  instead 
of  one  and  one-half  n-vohition  f ollowwl  by  one-half  revolution  apart, 
as  in  the  twin-cylinder  type. 

Doubling  the  twin  motor  gave  the  common  four-cylinder 
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Ifiiie,  usually  ]ilftc*Hl  venicfl.Uy,  with  crank  fihoft  li-rigthwiBe  the 
wkii'ir.  Tho  iviison  for  this  arrangement  is  that  the  width  of  an 
driiimry  vcliiflr  is  not  sufficient  to  plaou  tho  motor  crosswise,  with 
cnuk  ihaft  parallel  to  rear  a.%\v.  as  iti  tho  singlu  and  double  cyl- 
IbIm  arnuigemeiit.  The  triph'  cylinder  motor  is  used  by  some 
Biktre  who  believe  that  it  Beeures  multiple  cylinder  resiiltB  with 
Uiekwt  (x>tnplicAtion  and  is  therefore  the  most  desirable  fonn. 
Such  engiues,  with  cylinders  of  5-inch  bore,  are  placed  crosswise 
(^  the  whicle  as  in  the  Dnryea  while  four  cylinders  of  nearly  4-inch 
Iwt  &m  placeii  crosswise  at  the    front  ijj  one  or  two  air  cooled 


^(^1m,  as  in  the  Marion.  But  the  usual  arrangement  is  length- 
*i*e  of  the  vehicle  in  vertical  position  when  more  than  two  cylin- 
'™  are  used.  In  the  Marmon  the  cylinders  are  inclined  two  to 
**ohgide  about  30  degrees  from  a  vertical  position,  while  in  the 
™yea,  the  cylinders  are  inclined  to  the  rear,  30  degrees  from 
ooriiontal.  In  the  Adams-Farwell,  either  three  or  five  cylinders 
^  itMxI.  Liqnally  spaced  around  a  vertical  axis  and  arranged  to 
"^ve  ill  a  horizontal  plane.  The  weight  of  the  cylinders  avoids 
"w^  for  a  fly  whoel  and  their  motion  gives  an  efficient  air  cooling 
"illiont  tans  or  othor  mechanism. 

In  one  or  more   instances   the  cylinders   have  been   placed 
tqoalljr  distant  around  their  axis  of  revolution  and  parallel  thereto, 
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which  arrange »iiu»nt  also  S(»cures  steady  rotation  without  a  fly- wh(M'l, 

and  efficient  air  cooling.      The  auto  is  largely  the  sport  of  the 

wealthy  and  as  is  the  case  with  all  new 

things,  is   freciuently   provided,  to  the 

point  of  vulgarity,  with  various  fittings 

and  trinunings  (juitc?  often  made  to  sell 

rather  than  to  use,  and  bought  rather 

for  ostentation  than  for  any  real  service. 

A    considerable    business    is    done    in 

these  fittings,  some  of  which  are  quite 

elaborate  and  exi^ensive. 

FITTINGS. 


Pig.  72.    odometer. 


Odometers  are  arranged  with  a  single  dial  to  give  the  total  dis- 
tanc(i  travelled  or  witli  a  secondary  dial  to  record  the  distance  of  each 


Fig.  73.    Gradometer. 

trip.  Speed  indicators  show  at  a  glance  the  speed  at  which  the 
vehicle  is  traveling  at  any  time,  while  clocks  affixed  to  the  dash 
board  reli(»v(>  th(^  oix'rator  of  the  n(?cessity  of  consulting  his  watch. 

Gradometers  indicate  the  angle  of  the 
hill  with  more  or  less, accuracy.  Mano- 
meters tell  the  story  of  the  water  circu- 
lation. Voltmeters  and  ammeters  advise 
conc(?rning  the  electric  circuit  and  var- 
ious gangers  and  glasses  show  the  action 
of  the  lubrication,  the  amount  of  fuel 
and  water,  and  the  air  pressure  in  the 
air  brake  rest^rvoir  or  gasolene  tank  as 
the  cas(^  may  be.  Spark  coils  and  acet- 
yhuie  generators,  storage  tanks  and 
storage  batteries  are  quite  frequently  in 
evidence  while  horns,  gongs,  or  whistles 
complete  the  list.  Some  of  the  latter 
are  numerous  enough  and  properly 
toned  and  arranged  to  permit  playing 
a  tune.    All  are  well  in  their  place  but  add  needlessly  to  an  already 


Fig.  74.    Siren  Horn. 

A  pullt-y  running  on  the  tire  of 
the  vehicle  rapidly  re%'olves  a  disk 
filled  with  holes.  The  result  is  a 
loud  sound. 
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complicated  vehicle  and  are  not  in  accord  with  thcsiiiiplicity  which 
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Fig.  75.    Three-Toned  Horn. 

must    accompany  an  extended  use  of  this   valuable  invention. 

SHOCK  ABSORBERS. 

The  high  speeds  frequently  attainted  by  motor  vehicles  greatly 
magnify  inequalities  of  the  road  surface,  with  the  result  that  the 
springs  are  violently  compressed  and  rebound  disagreeably,  some- 
times breaking.  To  prevent  this, 
friction  surfaces  have  been  ap- 
plied, which,  while  they  permit 
yielding,  dampen  or  deaden  the 
spring  ttction  and  render  the 
vehicle  more  comfortable.  Some 
forms  of  these  employ  pistons 
with  valves  or  piissages  which 
permit  free  movement  in  one  di- 
rection, but  not  in  the  other.  It 
is  urged  against  this  that  at  high  ^'k-  '^^'  ^^^^  Absorber. 

SIX  ed  the  second  inequality   is  met    before    the    springs    have 
recovered  their  position,  so  they  are  unable  to  i^erform  their  duty. 

Springs.  The  comfort  and  durability  of  the  vehicle  depends 
largely  upon  the  springs,  although  following  cycle  j^ractice,  many 
constructors  have  depended  ujDon  tires  for  this  service.  As  in 
carriages,  three  forms  of  springs  are  quite  common  with  a  number 
of  less  used  forms.  The  full  elliptic  has  always  had  recognition 
and  is  a  serviceable  spring,  but  does  not  offer  the  rigidity  sidewise 
that  the  half  elliptic  secures.  It  is  quite  essential  that  ther  ear 
axle  at  its  sprocket  should  remain  in  line  with  the  body  or  frame 
which  carries  the  front  sprocket,  as  otherwise  the  chain  may  jump 
off.  The  full  elliptic  requires  the  use  of  reaches  or  radius  rods  to 
hold  the  axle  in  position,  but  the  semi-elliptic  is  usually  fastened  to 
the  framework  at  one  end,  while  the  other  end  is  carried  by  a 
swinging  shackle.  Side  springs  fastened  to  the  body  at  their 
centers,and  to  the  axle  at  their  ends,  have  been  much  used  on  cheap 
constructions,  and  although  not  the  best  form,  have  given  good 
service. 
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pi'Ufiion, 


will 


Hplrial  sjirings  an-  sometiiiK's  used,  princiiKilly  as  an  tn-wfs- 
sory.to  modify  till-  «<tioii  of  thy  main  springer  to  asKist  it  to  carrj- 
the  lonil,  Tho  high  B^jeeds  frcqn.'ntly  attaiiiitl  by  autoR,  togetluT 
with  the  small  whivls  nsisl,  demand  except  ion  idly  good  spring  siie- 
nrc  been  neglected,  bnt  is  receiving 
more  attention  at  present. 
Rubber  buffers  have  been 
frequently  used  to  prevent 
overloaded  springs,  and 
many  n  bent  or  broken  aile 
has  been  due  to  improper 
spring  design.  In  case  of 
a  broken  spring  it  is  nsu- 
ally  possible  to  fill  in  the 
space  with  a  bloek  of  wood 
whielfwilljjermit  tho  vehi- 
i-le  to  be  UBi-d. 

Much  of  the  comfort 
of  a  vehicle  depends  upon 
the  upholstering.  Deep 
spring  in  the  cushions  and 
backs  add  greatly  to  the 
ease  of  riding.  This  is  pur- 
ticularly  true  in  going  over 
gutters  or  water  bars  where  stiff,  firm  bucks,  as  found  in  many 
tonneaus,  transmit  to  the  rider  severe  jolts,  which,  if  the  backs  are 
high,  are  felt  as  disagreeable  jerks  at  tho  neck.  For  high  speed, 
low  backs  are  more  comfortable  because  they  permit  the  entire 
Bpinal  column  to  yield  instead 
of  the  neck  only.  Deep 
springs,  however,  ease  such 
objectionable  features  greatly. 
Since  the  auto  is  neces- 
sarily associated  with  oil,  and 
weathers,  the  upholstering  is  best  of  leather  or  xmntasote,  so  that 
it  may  not  absorb  oil  nor  dirt  nor  bt!  soaked  and  damaged  by  water 
BEARINGS. 
Auto  bearings  are  in  general  of  three  kinds,  plain,  Ijall  and 
roller.     The  plain  or  common  carriage  bearing  gives  good  satisfac. 
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tiou  if  frequently  oiled  and  is  of  low  first  cost  and  needs  few  re- 
[»irs.  Rear  axles  which  revolve  are  fretiuently  iro*inte<l  in  plain 
bearings,  nsnally  of  bronze  or  babbitt,  with  equally  goo<l  resalts. 
For  light  vehicles,  particularly 
with  small  power,  as  the  light 
steam  and  electric  carriages,  ball 
bearingsare  quite  common.  The 
small  area  of  the  ball  races  re- 
quires that  the  balls,  cups  and 
cones  be  extremely  hanl  in  order 
togive  service,  and  a  broken  ball 
fretjnently  damtiges  the  bearing. 
Thf  operator  should  listen  for 
grinding  or  squeaking  in  the  ball 
bearings  and  stop  and  remove 
the  broken  ball  before  further 
cLimage  is  done.  For  heavier 
loads,  roller  bearings  are  com- 
mon. These  are  of  several  varie- 
ties, one  well  known  form  em- 
ploying flexible  rollers  made  by 
rolling  a  strip  of  metal  into  a 
spiral.  The  rollers  are  .usually 
guided  by  cages  to  keep  them 
parallel,  and  it  not  so  gnided  should  be  qiiite  short,  preferably 
of  a  length  not  greater  than  their  diameter.     Rollers  are  usually 


Fig.  T9.    Splnl  Hqlului 


Pig.  to     a>a  Bearing.  Pig.  Bl.    Aunulic 

hardened  and  ground.  Conical  rollers,  also  held  in  cag(^s,  are  much 
used  and  are  particularly  adaptetl  for  places  where  tlie  strain  comes 
in  varions  directions,  as  in  the  hubs  of  wht^ela.     Ball  or  roller 
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Iw'ariiijrs  an-  uiufh  iisp<l  to  n>reivo  the  thruBt  of  bevel  gears  or  fric- 
tion tlisks. 


LAMPS. 

The  law  ill  most  places  n'qiiires  autns  to  carry  lanitB,  ulthoogh 
other  vehicles  tlo  not  aa  a  rule  carry  them  and  cannot  be  seen  by 
tho  auto  driver  unless  he  is  pro- 
idod  with  a  searchlight  able  to 
ight  the  road  a  great  distance 
ahead.  Without  this  assistance 
he  may  be  unaware  that  a  scary 
horse  isdoingdaninge  and  there- 
fore unable  to  stop  or  govern 
himself  accordingly.  Thesearch- 
light  throws  a  powerful  beam 
which  blinds  the  horse  driver 
and  renders  him  likely  to  leave 
the  rojid.  The  safest  arrange- 
ment is  for  all  vehicles  to  carry 
a  light  on  dark  roads  in  order 
that  each  driver  may  be  aware 
of   the  presence  of  the  other. 

OPERATION. 

The  Ojwratioii  of  a  vehicle  deix-iids  much  upon  its  particular 
liesign  and  information  is  usually  supplied  by  the  maker.  In  gen- 
eral, it  is  neci^saary  to  turn  on  the  electric  current,  the  liquid  fuel, 
open  the  throttle,  and  turn  the  starting  crank.      After  the  motor 
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stirts,  adjust  the  gasolene  to  give  best  results,  throttle  the  motor 
to  suit,  and  set  the  low  clutch  gently.  This  throws  a  load  on  the 
the  motor,  to  overcome  which  the  throttle  should  be  opened  corres- 
pondingly. As  the  vehicle  starts,  feel  of  the  steering  to  know  that 
the  vehicle  is  under  control.  As  the  speed  increases  change  to  a 
kighwgear,  the  object  of  the  skilled  driver  being  to  use  the  high 
g^  as  much  as  possible,  in  order  that  the  motor  may  make  as  few 
revolutions  per  mile  as  may  be,  thus  saving  fuel  and  wear.  In  no 
^vent  should  the  motor  be  choked  down  till  it  is  jerky  or  liable  to 
stop,  for  this  may  result  in  a  stop  in  front  of  a  train  or  in  some 
similar  dangerous  and  undesirable  place. 

The  brake  should  be  tested  at  the  first  opportunity  and  par- 
ticularly before  starting  down  a  steep  hill,  so  that  it  may  be  known 
to  be  in  perfect  order,  for  next  to  the  ability  to  go,  is  the  ability  to 
^Dtrol  and  stop.      If  the  brake  is  faulty,  the  vehicle  may  be  stop- 
P^  by  stopping  the  motor  with  the  low  speed  clutch  engag(?d  and 
the  clutch  may  also  be  used  as  a  brake  either  instead  of  the  regu- 
w  brake  or  in  conjunction  with  it  on  hills,  thus  forming  a  second 
brake,  and  one  that  is  usually  in  ortler,  as  proved  by  the  ability  to 
climb  hills.      The  low  clutch  is   very   effective  and  subjects  the 
chicle  to  a  decided  strain  on  which  account  it  should  be  applied 
gtntly  lest  a  chain  be  broken  or  gears  stripped.     In  such  an  event 
the  vehicle  should   be   turned  crosswise  the  road  into  the  bank 
if  circumstanc<»s  permit.      If  the  speed  is  too  fast  and  the  road  is 
clear,  and  straight,  the  bottom  of  a  hill  may  be  safely  reached  but 
this  dangerous  chance  should  never  be  attempted  except  as  a  last 
resort.    A  projjerly  powered  vehicle  will  climb  hills  with  little  loss 
of  time,  so  there  is  no  need  to  rush  down  hill  at  a  dangerous  rate 
or  with  the  vehicle  beyond  control  to  make  up  time. 

The  operator  should  learn  to  recognize  by  ear  the  projxir  run- 
ning of  all  parts  of  the  vehicle  and  recognize  instantly  any  devia- 
tion then*froni.  He  should  also  recognize  by  the  way  the  vehicle 
starts  or  coasts  whether  it  nms  freely  or  not,  and  by  the  feed 
wh<*ther  a  tire  is  flat  or  not.  Lack  of  lubrication  in  the  engine  or 
vehicle  adds  much  to  the  labor  and  expense  and  should  be  sought 
for  and  remedied.  A  weak  spark  causes  a  weak  engine  and  signi- 
fies that  either  the  batteries  need  renewal,  the  generator  brushes 
need  cleaning,  the  driving  device  is  not  doing  its  duty,  or  the  elec- 
trical wires  and  connections  are  at  fault.    An  excess  of  lubricating 


173 


88  AUTOMOBILES 

oil  will  Bometimes  coat  the  JntiTior  of  the  cylinder  with  cnrbou, 
which  should  he  n-uiovwl  by  scraping,  the  rylinflcr  heads  IxMug 
taken  out  for  this  purpose.  The  mixture  should  be  right  aiui  the 
proper  proportion  of  gasolene  Tapor  and  air  must  be  determined 
by  adjiiBtment  and  trial.  Usually  more  ifl  required  on  a  dry  day 
than  on  a  wet  day  because  on  a  wet  day  the  water  vai»r  displaces 
some  of  the  oxygen,  bo  that  less  gasolene  can  be  burned.  Too 
much  fuel  weakens  the  mixture  and  soots  the  plugs  and  walls. 

The  cooiiiig  devices  should  hn  watched  that  the  fan  does  not 
stop  nor  the  water  tank  get  empty,  although  in  either  case  the  en- 
gine may  be  run  a  short  distance  without  damage  before  it  gi-ts  hoi 
enough  to  destroy  the  lubrication.  The  gasolene  tank  and  piping 
should  lie  so  simple  that  it  can  be  easily  watched,  for  a  leak  is  not 
only  wasteful,  but  dangerous,  because  of  possible  tire.  The  tank 
should  never  be  exposed  to  heat  or  burning  vapor  and  tanks  con- 
taining pressure  are  inadvisable  because  of  the  more  rapid  leak  in 
such  cjises.  For  cold  weather  or  for  starting,  a  gasolene  of  low 
specific  gravity,  numbered  h^h  on  the  Banui^  scale,  is  best,  but 
a  heavier  lifinid  will  give  more  power  per  gallon.  With  a  hot  en- 
gine, kerosene  can  generally  be  used,  a  fact  which  will  enable  one 
sometimes  to  get  home  after  finding  tho  gasolene  tank  empty. 
Take  great  care  that  the  battery  is  never  left  on  a  closed  circuit  for 
this  quickly  destroys  its  efficiency. 
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Tlw  elevator  as  u  iiKKleni  apjiliance  Iiax  b(%oine  a  very  inipor- 
uut  factor  iu  business  life.  Fifty  years  rl;o  it  was  cuiiipanitirely 
Hiititcesaary,  and  lu  tbe  few  instances  in  which  it  was  in  use,  it 
Kus  conaiilered  more  of  a  luxury  than  a  necessity.  Tlie  earliest 
lonn  of  elevator  was  used  only  for  merchandise,  and  the  po\\'er 
employed  was  derived  from  a  revolving  shaft  through  the  medinm 
"f  iiulher  belts  running  over  pulleys.  The  introduetiou  of  stesun, 
Wtcer.  as  a  source  of  power  for  its  ojteration,  made  aehange  iu 
ilirBjwed  tbat  could  Iw  attained,  and  enlarged  consiilerably  its  Held 
"f  operation.  It  then  t)egau  to  he  used  for  [msseugers  lis  well  as 
poodh 

EARLY  STEAM  ELEVATORS 
Tlieapplieation  of  steam  for  this  [lurpose  waa  niiidi 
itled  form,  tbe  engine  employtn]  being  a  douhle  ey" 
vitb  tbe  crapks  set  at  right  angles  to  avoid 
crateriog,  but  the  valve  motion  was  tbe 
principal  feature  of  difference.  Of  course. 
msDj  ezperimeuts  were  tried  in  the  begin- 
DJDg,  but  what  we  shall  descril>e  bere  is 
that  form  of  valve  motion  which  )>ecauie 
genenlly  adopted.  Tbe  distributing  valves 
were  of  a  special  tyjH*.  resembling  more 
tbmo  uiytbing  one  ordinary  l)-valve  with- 
in  anotber,  ami  the  iiuiuber  of  ports  in  the 
cylinders  were  fmir  i^ueh;  Nos.  1  and  3  be- 
ing tbe  usual  distributing  {)orta  carrviiig 
-team  toeai-b  end  of  the  cylinder,  and  Xos. 
>  :i[id  -1  U-ing  u^iiil  alternately  as  steam 
siti'l  eNli:iu?t  [lurtd.     Tbe  starting  and  slop. 

I':iiir  wii:;  done  by  means  of  a  eliunge  vidv.'.    '"''■'  '■   "*""'^ "•'■  ^'■"*''- 

which  ulleniaiely,  at  tbe  will  of  tin-  (.prraloi'.  coniiTtfil  mu-  ,.(  tin- 
latter  ueutioned  ports  luto  a  steam  supply  puit  uud  ihu  other  tutu 


HUtrATOBft 


^^mm.    Huac-  r^im  —  oo»  cfaui^  sod  two  distTibating— 
•  wM  tkaw  «M«uBe4  viiiita  one  *h»tu  cbtM.  and  (be  |insiin  J 
k*  M^M  ban  &m  bur  «*s  simp  on  llitttii.  bi>}di[i^  tlmm  U 
V  iBML     TW  c&Mi^  ^tr.  buwrriT.  «ms  iht*  unl;  cue  "bl^ 
^4  »  yoK  Ancdj  taio  tlK  siHuu  dttsU     TLe  o]i(>rali(>ii  flf  | 
v^JcoaadtkirttnaagnDTVit  will  I*  readily  «<«n  bT»ieffi«B  | 
Ihi  III!  iM|Miiij^  aiwCtmlMn, 

h  «3  W  mt»  bmm  tfe  illBstntkin  tlitt  witli  ibtt  ftnug)*  ' 
M  «{  tWna  Acn-  caaU  be  no  Up  or  b«i)  in  ilir  distriljiniBj;  ] 
iw  «•  lb  USaitr  &««.  hrauK?  tbe  mJrc^  bod  to  m-I  allur 
■It  br  Mhb  **ff'tF  *°^  oJmoM.  mid  nnr  lap  vr  lead  ibH 
^  W  pi^  lEkew  br  opnstiua  to  ooe  dtivetion  u-nold  prodtiw 
!•]  tur  nraoing  ta  the  jvveKe  iiwSiviL 
ikai  iht  engine  of  this  typp  wa$  not  econuml' 


iMl  in  IB  nw  of  slrtuu:  and  whilw  it  was  a  giwii  fHvurilM  at  di 
HnM>  of  IIS  intmJ option,  and  for  many  yv*rs  afterward  (Wuiniw  d 
■  U«li  oT  anrihitig  better)  it  baa,  siuw  tbv  inirodnciion  of  tb 
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hydraulic  and  modern  types  of  electric  elevators,  almost  gone  out 
of  use. 

At  the  time  of  its  introduction  it  was  used  entirely  in  con- 
nection with  spur  gearing,  the  first  types  of  this  engine  being 
made  to  drive  a  pulley  on  the  crank  shaft  which  was  belted  to  a 
larger  pulley  running  in  stands  on  the  engine  bed,  the  shaft  which 
this  pulley  drove  having  on  its  end  a  spur  pinion  meshing  into  an 
internal  gear,  which  was  bolted  to  the  end  of  a  hoisting  drum  or 
spool  which  wound  up  the  cable  or  wire  rope,  to  one  end  of  which 
the  traveling  platform  or  cage  was  attached.  This  wire  rope 
passed  from  the  hoisting  drum  up  the  hatchway  and  over  grooved 
wheels  or  sheaves  at  the  top  of  hatchway  and  then  down  to  the 
cage,  and  the  change  valve,  by  means  of  which  the  steam  was  shut 
off  or  turned  into  the  engine  to  operate  it  in  either  direction,  was 
connected  to  a  wire  rope  of  smaller  diameter,  which  led  up  th^ 
hatchway  within  easy  reach  of  the  operator,  and  the  pulling  of 
this  ro|)e  up  or  down  was  sutticient  to  start  the  elevator  in  either 
direction. 

The  amount  of  steam,  however,  under  pressure,  required  to 
operate  the  engine  when  lowering  a  load,  was  so  much  less  than 
that  needed  for  hoisting,  that  in  order  to  prevent  the  engine  from 
racing  and  lowering  at  an  undue  speed,  the  change  valve  was  al- 
ways adjusted  to  give  a  very  small  opening  into  the  steam  supply 
when  running  in  this  direction,  and  in  addition  to  that  a  certain 
amount  of  lap  had  to  be  given  to  the  valve  on  tlie  exhaust  side,  so 
as  to  choke  the  exhaust  and  thereby  retard  the  descent.  There 
was  some  danger  of  overloading  of  the  engine,  for  in  case  an  over- 
load was  placed  on  the  cage,  of  course  an  attempt  to  lift  it  would 
fail,  but  in  lowering,  especially  when  the  steam  was  shut  off 
quickly,  the  pressure  of  the  confined  steam  in  the  cylinders  would 
sometimes  exceed  that  in  the  steam  chest,  in  which  case  the  dis- 
tributing valves  on  the  cylinders  would  be  lifted  from  their  seats, 
and  where  they  were  fitted  to  work  in  a  yoke  gr  l)uckle,  at  the  end 
of  the  valve  stem,  they  would  remain  off  the  seat,  when  once  lifted 
therefrom,  until  replaceil.  Tliere  was  nothing  tlien  to  hold  the 
load  but  the  brake,  and  to  obviate  this  trouble  it  was  customary  in 

• 

many  cases  to  bolt  to  the  bottom  part  of  the  steam  chest  an  angle 
piece  fitting  closely  ftt  the  back  of  the  valve.     This  piece  beiug 
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eu-ttl,  wbieh  vas  liiitKl  with  hard  ina|jKi  in  short  sei-tioiia  ttnd  fust- 
i'»i"(i  to  thtf  hftitd  by  s<:rew8.  A  suilaljle  lever  for  a|)]ilyiuf;  tlw 
liruke,  with  a  hf»vy  cHst-iron  weight  on  the  end  of  the  lever  W 
tiruj)er  adjustments  for  takiug  up  the  wenr,  voiujileted  thooadii. 
Tlie  brake  was  alwaya  applied  by  means  of  the  weight  on  iLo  ttiA 
of  tlie  brake  lever  and  was  released  by  means  of  a  heart-sLspiJ 
(Mini  fastened  to  a  pedestal  or  stand  on  the  engine  lied  and  op«^r»iBi 
by  tlie  yoke  or  automatic  stop,  which,  bt-ing  eoniiected  to  the  ojw- 
Mting  cable  in  the  hatchway,  before  described,  was  always  acttiiitt'il 
when  tbeband  cable  was  pulled  to  the  eenti-r  of  its  throw. 

The  pistons  of  these  engines  were  usoally  very  eiuiple  in  coo- 
slruftiori;  they  consisted  of  a  disc  or  block  of  eadt  iron  prDpetly 
iKired  and  illtiHl  to  the  piston  rod  and  turniwl  with  grooves  lui*- 
eeive  the  piston  rings,  wbieb  were  then  sprung  over  the  block  into 
their  resjtective  grooves.  They  were  made  slightly  eccentrit,  being 
thicker  on  the  side  which  was  left  uiicnt.  and  were  iisnally  tiinw" 
little  larger  than  the  bore  of  the  eyliiider.  When  they  wereca'i 
a  piece  h«d  to  be  taken  out,  leaving  a  ojkicd  of  about  ^^,  ini-b  !»- 
tween  the  cut  ends,  and  the  rings  consequently  had  to  l>e  sqneewi 
together  or  compressed  in  order  to  enter  the  ends  of  the  cylinder, 
and  this  caused  a  constant  outward  pressure  of  the  piston  rings- 
They  were  made  two  in  number;  in  some  cases  three,  and  were 
usually  from  ^  to  ^  inch  wide. 

Owing  to  the  confiued  space  into  which  these  engines  had  to 
be  put  at  times,  it  became  necessary  to  reduce  them  somewhat  in 
height  in  order  to  get  tbeni  into  low  basements  when  desired. 
Tlie  consequence  was  that  the  connecting  rods  were  not  always  as 
lonif  as  the  beat  practice  would  dictate,  and  as  a  consequence  of 
this,  and  the  constant  reversing  of  the  engine,  it  was  frequently 
found  somewhat  difficult  to  make  tbeni  run  quiet.  Now,  how- 
ever, with  care,  this  result  can  generally  be  attained. 

Another  cause  of  hammering  in  this  type  of  engine  was  a 
lack  of  care  on  the  part  of  the  luanufactiii-er  to  so  proportion  the 
length  of  bora  of  cylinder  hs  to  altow  the  outer  piston  rings  to  jiut 
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pass  over  the  end  of  the  bore  at  the  end  of  each  stroke.  This 
length  of  bore,  of  course,  was  determined  at  the  time  of  counter- 
boring  the  cylinders,  and  where  the  bore  was  so  long  that  the  pis- 
ton rings  did  not  quite  reach  the  ends  of  it,  they  would  in  time,  as 
the  bore  of  the  cylinder  enlarged  from  constant  wear,  leave  a 
shoulder  at  each  end.  Against  this  shoulder  the  rings  would 
strike  at  the  end  of  each  stroke,  and  if  the  engineer  was  not  j)08ted 
on  this  |)eculiarity,  he  would  probably  try  for  months  to  get  his 
rods  to  run  |)erfectly  quiet  without  good  results.  The  only  remedy 
in  a  case  of  this  kind  would  be  to  take  out  the  pistons  and  file  the 
shoulders,  before  mentioned,  but  it  would  be  only  temporary.  The 
j)roper  way  to  get  rid  of  the  evil  entirely  would  be  to  counterbore 
the  cylinders  a  little  more,  but  it  was  a  job  that  was  attended  with 
considerable  difficulty  with  the  engine  in  place,  hence  the  first 
method  would  be  found  most  satisfactory. 

The  cross  heads  and  guides  were  similar  to  those  of  most  en- 
gines, whether  horizontal  or  vertical,  and  differed  with  the  ideas 
and  taste  of  the  maker.  Several  different  arrangements  were  used; 
some  with  plain  strai<i;ht  slides,  some  with  V-shaped; but  the  most 
popular  was  that  of  the  bored  guides,  for  cross  heads,  using  a  bronze 
shoe  with  proper  adjustments  for  wear.  These  engines  would  often 
run  as  high  as  500  r.  p.  m.  at  full  speed. 

One  feature  of  this  engine  which  frequently  caused  great  an- 
noyance was  the  running  off  of  the  belt  which  connected  the  pulley 
on  the  crank  or  engine  feliaft  with  the  large  pulley,  before  men- 
tion<Kl,  running  on  a  shaft  in  stands  on  the  bed.  There  would 
seem  at  first  sight  to  be  no  good  reason  wliy  a  belt  of  this  kind 
should  not  run  well  and  in  line,  but  frequently  carelessness  in 
workmanship  was  the  cause  of  this,  for  if  tlie  pulleys  themselves 
were  of  equal  diameter  at  each  side,  and  the  shafts  were  not  |)er- 
fectly  aligned  with  one  another,  it  would  cause  this  troul)le;  and 
while  the  belt  might  be  adjusted  to  run  well  in  one  direction,  it 
would  run  off  the  pulley  when  the  engine  was  reversed,  there  being 
a  ''tightener'*  for  the  purpose  of  taking  up  the  slack  of  the  belt, 
which  could  be  adjusted  so  as  to  cause  the  belt  to  run  well  in  one 
direction.  The  distance  between  centers  of  shafts  being  short,  the 
belt  was  necessarily  short  too,  seldom  exceeding  1\)  feet  in  entire 
length,  and  it  was  always  endless,  that  is,  without  seam  or  lacing. 
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The  writer  has  frequently  seen  on  some  of  the  older  types  of  these 
engines  a  pulley  that  was  larger  on  one  side  than  the  other;  this 
also  would  cause  the  trouble. 

Another  defect  in  this  engine  was  the  liability,  when  the  belt 
had  been  in  use  a  great  while  and  neglected,  for  it  to  become  dry 
and  cracked,  and  if  it  broke  either  when  lifting  or  lowering  a  heavy 
load,  there  was  a  chance  of  the  cage  falling,  there  being  nothing  to 
hold  it  in  that  case  but  the  brake.  To  automatically  apply  the 
brake  and  at  the  same  time  shut  off  steam,  in  case  of  an  accident 
•  of  this  nature,  there  was  attached,  to  one  of  the  arms  carrying  the 
idler,  a  vertical  rod  The  lower  end  was  attached  to  the  cam  o|)er- 
ating  the  brake;  the  upper  part  of  this  rodlwas  hollow  and  the 
lower  part  telescoped  into  it.  A  collar  and  set  screw  on  the  lower 
rod  being  set  in  the  proper  position  would  receive  the  end  of  the 
upper  rod  on  its  face,  in  case  the  belt  should  break  or  come  apart, 
for  the  great  weight  of  the  idler  pulley  would  cause  it  to  fall, 
carrying  the  arm  to  which  the  upper  part  of  this  rod  was  attached. 
This  then  would  throw  the  l)rake  cam  around  in  the  position  to 
apply  the  brake,  and  at  the  same  time  shut  off  the  steam,  thus 
stopping  the  eI^gine  also. 

This  pulley,  which  performed  the  doul)le  office  of 'tightener 
and  as  an  adjustment  for  the  direction  of  the  belt,  was  very  necessary, 
because  as  the  belt  stretched  from  constant  use,  this  idler,  running 
on  top  of  it,  and  being  made  very  heavy  for  the  purpose,  would 
take  up  the  slack  of  the  belt,  causing  it  to  have  greater  contact 
with  the  j)ulley8.  Tlie  arms,  which  carried  the  shaft  upon  which 
it  ran,  were  attached  to  the  upper  ])art  of  the  engine  frame  and  ex- 
tended outwards  toward  the  rear  of  the  engine,  and  were  of  such  a 
length  as  to  leave  the  [)ulley  in  the  right  position  upon  the  belt 
just  between  the  engine  pulley  and  the  larger  pulley  in  the  stands 
on  the  engine  bed.  Sometimes,  however,  a  sudden  stoppage  of  the 
engine  would  cause  this  tightener  to  jump  away  from  the  belt  and 
then  droj)  back  upon  it,  and  this  feature  had  a  tendency  to  cause 
the  belt  to  break  whenever  it  became  weakened  in  any  part. 

To  j)revent  this  jumping  of  the  idler,  which  also  had  a  bad 
effect  on  the  stopping  of  the  engine,  spiral  springs  were  sometimes 
attacluMl  lo  thrs(^  anus  and  carried  down  to  a  convenient  point  Inf- 
low where  they  were  attached  either  to  the  l>ed  of  the  eugiue^  or  to 
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K  wrought- iron  braceB  wLicli  stayed  the  upright  fraiiitt  to  the 
ed.  Tnrn  liiickles  wt^re  provided  to  give  the  springe  proper  tfii- 
loa,  'nd  this  remedied  the  difficulty  just  related. 

Vh"!!  these  engines  were  at  rest  the  eteam  chest  wae  always 
ollof  Bteam  and  ready  at  any  moment  to  start  upon  the  change 
ilw  being  opened  in  the  proper  direction.  As  this  steam  chest 
uliated  considerable  heat,  there  was  always  more  or  less  water  of 
oudeDsation  in  it.  A  drain  pipe  was  ran  from  the  bottom  of  the 
tram  chest  to  a  steam  trap,  which  was  set  considerably  below  the 
rvelof  the  bottom  of  steam  chest,  and  the  water  escaped  to  this 
mm  tnp. 

The  automatic  stop  was  a  screw  provided  with  a  traveling  nut 
ud  idjaBtable  set  collars.  This  screw  was  a  sleeve  which  usually 
ID  npona  long  stud  bolted  to  one  of  the  stands  in  which  the  larger 
pulley  Bhaft  ran,  and  it  was  geared  to  the  pulley  shaft  by  means  of 


fWgear  and  pinion,  which  were  so  proportioned  as  to  give  this 
ntOQutic  screw  abont  the  same  speed  as  the  drum  shaft.  The 
ifeliBg  DQt  was  BO  arranged  that  at  either  end  of  the  run  it  would 
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come  in  c-uiitact  willi  Uie  st-t  L-olkrs,  which  hm\  to  In-  «■(  just  to 
th»  right  |»osition  to  gt-ar  with  tliis  Iravelinir  nut,  Thfv  eaili  h:ui 
a  tooth  whivli  iiiterlockfd  when  the  tniveliiii;  niit  and  ei>llar  wt-r\- 
brought  toffether.  By  tliia  means,  the  traveling  nut  whs  made  to 
revolve,  and  as  it  turneii,  the  anioniatic  joke,  whicli  was  coniieeteil 
to  the  starting  lerer  hy  means  of  »  link  oonneetion,  oiieratiil  the 
change  valve  and  applied  the  hrake  at  the  paiiie  time,  tlierehy  stop- 
ping the  engine  at  tlie  limit  of  its  run.  This  end  was  alj'o  attained 
hy  means  of  stop  buttons  on  the  operating  cable,  which  were  made 
80  ae  to  clattip  tlie  cable  wherever  they  were  placed  and  tii'litened 
up,  and  a  striker  or  arm  attached  to  the  cage  so  as  to  slide  up  and 
down  on  the  operating  cable  freely.  Whenever  tfie  striker  came 
in  contact  with  one  of  these 
stop  buttons  it  piill.ii  the 
cable  the  same  as  the  attend- 
ant wonlil,  and  thereby  also 
shut   off    steam    and    applie<l 


brake.      The 


ofx-ni 


were  identical  in  eaeh  cast 
except  in  tiie  iiietlioil  of  ai 
riving  ni  results.  A  pres^ir 
of  fronj    r.l)  to  '.10   |H.)iiri<l~  . 
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an  ij^iioraiit  attemlaiit  would  put  load  on  the  car  and  pull  the 
o[>t*nitini5  rahle.  The  brake  l>eing  released,  the  load  would  run 
iht*  eiitriiie  backwards  and  run  to  the  bottom  violently.  Of 
courst\  when  these  engines  and  their  peculiarities  became  well 
known,  accidents  of  this  kind  were  less  frequent,  and  taking  it 
altogether,  the  service  rendered  by  these  engines  was  invaluable. 
.I*eiiig  the  most  rapid  up  to  the  time  of  their  introduction  and  for 
a  loug  time  afterward,  they  were  a  favorite  for  many  years,  the 
principal  objection  to  them  being  the  cost  of  operation  in  com- 
parison with  other  methods  introduced  later. 

T^ter  on  a  modification  of  this  engine  was  used  for  passenger 
service.     The  changes  consisted  of  the  use  of  a  worm  gear  in  place 
of  the  spur  gearing  just  described,  and  owing  to  the  location  of  the 
worm  shaft  it  necessitated  the  use  of  an  engine  with  the  cylinders 
inverte<l,  and  placed  at  the  top  of  the  engine  instead  of  below  as  in 
the  original  form.      This  arrangement  has  some  advantages  for 
passenger  work,  as  the  liability  to  run  down,  which  always  exists 
with  a  hoisting  machine  where  spur  gearing  is  used,  was  elim- 
inated.     It  was  also  considered  safer  and  more  desirable  for  pas- 
senger use  on  account  of  its  smoother  action  and  the  fact  that  the 
Vireakage  of  one  or  two  teeth  in  the  gear  would  not  cause  the  plat- 
form to  descend  rapidly.     Tlie  other  characteristics  of  the  engine 
wtfre  not  chancred. 

WATER  BALANCE  ELEVATOR 

Contemporary  with  this  engine,  which  attaincxl  its  greatest 
popularity  during  the  70's,  there  was  introduced  a  form  of  hydrau- 
lic elevator  which  at  one  time  bid  fair  to  be  a  successful  rival  of 
the  steam  entjine.  It  was  called  the  water  balance  elevator.  It 
consisted  of  the  usual  cage  or  cab  in  which  the  passengers  rode,  the 
cables  necessary  for  hoisting  which  j^assed  up  the  toj)  of  the  hatch- 
way in  the  usual  manner  and  over  sheaves,  thence  down  into  a 
lartje  metal  tul>e  or  well  hole,  and  attached  to  tlie  other  end  of 
these  cables  was  a  large  bucket  that  nearly  filled  the  well  hole  just 
mentioned.  At  the  top  of  the  well  hole  and  above  the  highest 
jioint  to  which  the  bucket  traveled,  there  was  a  tank  containing 
water  supplied  by  means  of  a  steam  j)ump.  At  the  bottom  of  the 
bucket  was  a  discharge  valve,  which  as  well  as  the  valve  at  the 
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botloni  of  the  tniik  just  inentiontHl,  were  operated  by  means  of 
j)eilals  located  in  llie  eah. 

The  0|)enitor  l>y  pressing  the  ap{)ropriate  pedal  with  his  foot 
would  discharge  water  into  the  bucket  from  the  tank  above.  When 
sutKcient  water  had  accumulated  in  the  bucket  to  more  than  bal- 
ance the  weight  of  the  cage  and  its  occn|)ant8,  the  elevator  would 
begin  to  move,  the  water  in  the  bucket  forming  a  counterbalance 
weight  and  virtually  dropping  down  the  well  hole  dragging  the 
cage  upwards,  and  vice  versa,  when  the  water  was  allowed  to 
discharge  itself  from  the  bucket  it  would  become  lighter  than  the 
cage  and  the  cage  would  drop.  This  water  having  been  discharged 
into  a  tank  at  the  bottom  of  the  well  hole,  would  be  pumped  again 
into  the  overhead  tank. 

Tlie  sj>eed  of  this  elevator  was  unlimited,  and  was  governed 
entirely  by  the  use  of  a  powerful  brake  gripping  the  slides  or  rails 
on  which  the  cage  traveknl.  This  brake  was  arranged  by  means 
of  very  strong  s{)rings  which  always  held  the  brake  on,  and  had  to 
be  released  and  held  off  by  hand  to  obtain  any  movement  of  the 
cab  when  the  conditions  for  motion  were  right;  and  in  letting  go 
of  the  brake,  it  applied  itself  with  sufKcient  power  to  stop  the 
elevator. 

This  form  of  elevator  was  found  to  be  very  expensive,  both  to 
install  and  operate,  and  moreover,  was  dangerous  in  the  hands  of 
unskflled  men,  and  it  soon  went  out  of  favor  upon  the  introduction 
of  the  horizontal  hydraulic  elevator.  The  latter  was  originally  the 
invention  of  William  Armstrong,  a  man  prominent  among  mechan- 
ical  engineers  in  (treat  Hritain. 

HORIZONTAL  HYDRAULIC  ELEVATORS 

Tlie  first  ('levator  of  this  tyj)e  was  used  for  the  purpose  of 
hoisting  stones  from  a  (juarry  in  Yorkshire,  but  its  utility  as  an 
elevator  for  merchandise  was  soon  recognized  and  it  began  to  be 
used  extensively  for  this  j)urpose  in  that  countrj',  and  it  was  along 
in  the  early  'TO's  that  it  was  first  introduced  into  the  United  States. 
The  earlier  machines  of  this  type  were  usually  o{)erated  by  water 
})ressnre  obtained  from  the  city  mains.  The  machine  consisted  of 
a  cast  iron  cylinder,  the  bore  and  length  of  which  varied  according 
to  surrounding  conditions,  being  chietly  governed  by  the  water 
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pressure  availablu  and  tlie  height  of  the  building  in  which  it  wae 
used.  A  piston,  fitting  cloaely  in  tliis  t-ylinder,  waa  made  water 
tight  by  nieaiis  of  suitable  |tacking.  There  was  a  piston  rod  and 
arms  Lead  uliicli  carried  a  set  of  traveling  sheaves,  and  a  set  of 
fixed  sLeaveti.  Tiiu  erosa  head  traraled  on  a  track  provided  for  the 
purpose,  wliich  acted  both  as  a  support  and  guide  for  same.  Thl^ 
cable  wliieh  lioisted  and  lowered  the  cage,  passed,  up  the  hatchway 
in  the  umuil  manner  over  sheaves  at  the  top  of  same,  thence  down 
to  one  of  tlie  iixed  slieavea  below  ou  the  end  of  the  machine.  From 
there  it  j>&s^ed  successively  along  under  the  machine,  around  one 
of  the  movable  sheaves  on  the  cross  head,  back  to  one  of  the  Iixed 
sheaves  at  end  of  niachint)  and  so  on  three  or  four  times,  and  the 
other  end  was  Jinally  made  fast  to  the  hydraulic  engine.  This 
arrangement  of  rope  and  sheaves  was  exactly  like  a  block  and 
tackle,  the  cage  Iteing  attached  to  the  loose  or  running  end  of  the 
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rope.  Now  when  water  pressure  was  applied  to  the  piston,  it 
would  ]mll  these  sheaves  apart,  causing  the  end  of  the  cable  in  the 
hatchway  to  raise,  with  the  cage  attached,  at  a  speed  much  faster 
than  that  at  which  the  piston  traveled,  the  difference  in  speed  )>e- 
iiig  governed  by  ilie  number  of  sheaves  collectively  on  the  machine. 
For  instance,  if  the  cross  head  had  four  movable  sheaves  traveling 
with  it,  arid  ut  the  fixed  end  of  the  machine  there  were  four  sheaves, 
the  ratio  or  difference  betwwn  the  speed  of  cage  and  that  of  the 
piston  would  Iw  Sj:l;  in  other  words,  the  cage  would  travel  eight 
times  as  fast  as  the  piston,  and  eight  times  as  far.  The  ratios 
more  generally  used  are  from  4:1  to  10:1,  depending  on  the  8pee«l 
required  and  the  load  to  be  lifted.     With  this  arrangement  when 
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connected  to  the  city  mains,  the  water,  after  l)einir  used,  was  wasted 
or  allowed  to  run  to  tlie  sewer.  Later  on,  the  introduction  of  the 
roof  tank  pern[iitted  water  to  be  used  over  and  over  again,  the  same 
as  in  the  water  b<ilance  elevator.  A  still  greater  advantage  was 
gained  by  the  introduction  of  what  was  called  the  pressure  tank. 
This  was  a  modification  of  the  accumulator  so  much  used  in 
Europe  in  connection  with  hydraulic  presses,  and  consisted  of  a 
reservoir  that  was  fitted  with  a  plunger  of  large  area,  which  worked 
vertically  through  a  tight  stuffing  box,  and  having  on  its  end  an 
enormous  weight  or  load  of  cast  iron.  Water  being  pumped  into 
this  accumulator,  raised  the  plunger  with  its  load,  and  when  draft 
was  made  U|>on  it,  it  would  force  this  water  out  into  the  cylinder 
of  the  hydraulic  ram  with  a  pressure  equivalent  to  that  of  the  load 
carried. 

The  pressure  tank  was  similar  in  arrangement,  except  that  the 
compression  of  air  above  the  water  gave  the  pressure  required.  A 
cylindrical  tank  properly  braced  and  stayed  was  used,  with  inlet 
and  outlet  pipes  and  water  glass  to  show  the  height  of  water  in  the 
tank,  and  a  pressure  gauge.  Air  would  be  pumped  into  the  tank 
up  to  a  moderate  pressure,  afterwards  water  would  be  ])uniped  in, 
and  this  water  further  compressing  the  air,  would  produce  an  ul- 
timate pressure  of  anywhere  from  100  to  150  ])oun(ls  per  square 
inch.  The  inlet  and  outlet  pipes  for  the  water  were  directly  at 
the  bottom  of  the  tank  to  prevent  the  escape  of  any  of  the  air,  and 
when  water  was  drawn  off  from  this  tank  in  the  cylinder  of  the 
hydraulic  engine,  the  drop  in  pressure  would  not  be  more  than  a 
very  few  pounds,  ow'ing  to  the  expansibility  of  the  air  above  the 
water,  about  one- third  of  the  total  contents  of  the  tank  being  air 
under  pressure. 

This  arrangement  enabled  higher  speeds  than  was  admissible 
with  the  street  main  service,  the  street  ])ressure  of  many  cities  be- 
ing low;  in  fact  those  having  a  high  pressure — anything  from  (50 
to  100  pounds — being  rare.  Moreover  this  arrangement  had 
other  features  which  were  desirable,  the  absence  of  water  hammer 
in  the  pipes  being  one,  the  using  of  the  same  water  over  and  over 
being  another,  and  the  ability  to  have  the  most  useful  ])ressure  be- 
ing   a  third.     With   the  higher  pressure,  cylinders  of  a  smaller 
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.  ft  Bru.  I...U     huge  air  chainlier. 

h.hv.ni,...^.  Wiih  the  higher  pressure  obtniued 

hlj,''5"iil-ll*j  hy  Mse  of  tlie  tank,  greater  sjteeds  eould 
'!i'^'^' ""''"'  I>e  attaii)e«i,  frequently  as  high  as  300 
rjwVr"^"!!^  or  400  feet  per  niinuie,  while  with  the 
street  main  system  it  rarely  exceeded 
iiiinule.  and  frtijnently  was  as  low  as  50,  The  eom- 
roof  tauks  were  usually  Wept  p-ipp1ied  with  water  hv 
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neans  of  powerful  steam  pumps,  the  change  of  level  of  water  in 
Le  tanks  being  made  to  automatically  turn  on  steam  or  shut  it  off. 
Tiese  punij>8,  therefore,  were  not  obliged  to  run  constantly,  but 
nly  when  the  supply  of  water  in  the  tanks  became  somewhat 
epleted,  the  pumps  running  simply  long  enough  to  supply 
le  deficiency. 

When  the  higher  sj)eeds  were  found  desirable  and  attained, 
>uie  l>etter  means  of  operating  the  elevators  than  the  hand  cable 
eeaine  a  necessity,  and  the  invention  of  the  lever  operating  de- 
iee  followed.  AVith  it  came  the  pilot  valve.  This  was  a  small 
axillary  valve  attached  to  the  main  operating  valve  which  ob- 
tained its  power  from  the 
pressure  tank.  The  oper- 
ator in  the  cab  moving  his 
lever,  would  open  the  small 
pilot  valve,  which  in  turn 
admitted  water  to  a  piston 
on  the  stem  of  the  main 
operating  valve,  the  pres- 
sure of  the  water  moving 
this  piston  in  either  direc- 
tion as  desired,  and  with  it 
the  main  plunger  of  the  o{)erating  valve.  The  pilot  valve  itself 
and  its  connection  with  the  plunger  of  the  main  operating  valve 
is  so  constructed  that  a  partial  movement  of  the  operating  lever 
would  produce  a  partial  opening  of  the  pilot  valve,  and  in  turn, 
a  |«rtial  ojiening  of  the  main  valve,  if  so  desired.  The  full 
o^iening  and  closing  w^ere  obtained  by  the  full  movement  of  the 
operating  lever. 

VERTICAL  HYDRAULIC  ELEVATORS 

The  horizontal  hydraulic  elevator  had  not  been  in  use  very 
Jong,  when  Mr.  C  W.  Baldwin,  of  New  York,  conceived  the  idea 
of  using  a  vertical  cylinder.  This  was  not  entirely  \w\\\  as  they 
"*d  been  use<l  in  Euroj)e,  but  not  exactly  in  tin*  manner  in  which 
'it*  proposed  to  use  his.  Tlie  advantage  of  his  form  of  hydraulic 
elevator  was  that  it  took  up  less  room  in  the  building,  because  it 
could  be  set  op  in  the  same  hatchway  with  the  traveling  cage,  in 
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one  corner  of  the  well  hole,  and  for  the  Bake  of  ecoDomj  in  space 
it  was  usually  made  with  a  ratio  of  from  2:1  to  4:1,  iostead  of 
from  6:1  to  10:1  as  with  the  horizontal  hydraalic.  The  conae- 
quenco  was  that  the  cylinders  were  necessarily  gnite  long,  though 
smaller  in  diameter  than  the  horizon- 
tal machine.  They  differed  also  from 
the  horizontal  in  the  fact  that  they  did 
not  use  any  guide  ways  for  the  cross 
head. 

The  cylinder  being  set  vertical 
and  a  Sxed  sheave  directly  shove  it, 
the  end  of  the  hoist  cahles  were  made 
fast  to  a  beam  overhead  and  led  thence 
down  to  the  cross  head  and  around  the 
sheave  in  same,  and  up  again  over  the 
fixed  sheave  before  meutioned,  thence 
over  the  sheave  in  hatchway  directly 
above  cage.  This  gave  the  machine  a 
spwil  nitio  of  2  to  1,  and  the  piston 
would  travel  just  half  the  distance  of 
the  cage,  but  it  was  found  that  a  great 
loss  of  pressure  occurred  at  the  begin- 
ning of  the  travel,  owing  to  the  top  of 
the  i-ylinder  being  so  high  above  the 
levi'l  of  supply.  To  equalize  this,  the 
dischiirged  water  was  returned  through 
a  circulating  pipe  to  the  bottom  of  the 
piston,  instead  of  discharging  it  into 
the  surge  tank  or  sewer  immediately 
afti'r  it  wiia  used.  By  this  means  the 
weight  of  the  water  beneath  the  piston 
'■-'''^■""'  was  used  to  eijualize  the  pressure,  but 

as  tills  water  beneath  the  piston  was  held  there  by  atmospheric 
pressure  until  disiOiargeii,  it  was  found  that  the  length  of  the  ver- 
tieal  cvliiifli'r  could  not  l>e  more  than  Bif  fwt  at  sea  level,  or  ito 
eiiiiivali'ut  in  oliief  places.  This  limited  the  length  of  vertical 
evlimlcr  that  could  be  used,  so  that  the  ratio  of  this  type  of 
niiu-hiue   was  governed  suinewbat   by  this. 
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But  with  all  these  machines,  both  horizontal  and  vertical, 
▼here  the  pressure  was  comparatively  low,  a  great  loss  of  power 
¥18  caased  hj  the  friction  of  the  piston  in  the  cylinder,  and  the 
How  of  the  water  through  the  pipes,  as  well  as  the  difference  in 
weight  of  the  cables,  depending  on  whether  they  w^ere  hanging  in 
the  hatchway  on  the  side  of  the  car  or  on  that  of  the  machine. 
These  cables,  which  were  usually  four  in  number,  and  sometimes 
more  (and  generally  of  about  g  inch  diameter,  weighing  about  | 
of  a  pound  to  the  foot),  would,  when  the  car  or  cage  was  at  the  top 
of  the  hatchway  all  hang  down  towards  the  machine,  and  in  the 
case  of  a  building  say  100  feet  high  would  amount  to  over  400 
pounds.  Xow  while  as  a  measure  of  economy,  it  was  desirable  to 
counterbalance  the  weight  of  the  cage,  it  could  not  be  done  very 
closely  with  this  difference  in  the  weight  of  the  cables  on  one  side 
or  the  other,  according  as  the  cage  was  at  the  lower  or  upper  land- 
ing.  Hence,  some  means  of  counteracting  this  was  found  desir- 
able, and  it  was  done  by  hanging  chains  in  the  hatchway,  one  end 
of  them  being  attached  to  the  wall  of  the  hatchway  about  half  w-ay 
op  the  run  or  travel  of  the  cage,  their  other  ends  being  attached 
to  the  bottom  of  the  cage.  It  will  readily  be  seen  that  when  the 
platfonn  or  cage  was  down  at  the  bottom  of  the  run,  and  conse- 
quently the  cables  on  the  car  side  hanging  down  in  the  hatchway 
*wl  equalizing  the  weight  of  those  on  the  other  side,  the  chains 
^ould  be  hanging  on  the  wall,  but  that  when  the  cage  was  at  the 
top  of  the  hatchway  and  the  weight  of  the  cables  preponderating 
OD  the  other  side,  these  chains  would  be  hanging  on  the  bottom  of 
thecajre,  thus  offsetting  the  weight  of  the  cables.  By  this  means 
^Qser  connterj)oising  could  be  obtained,  and  the  desirability  of 
^is  method  of  counterpoising,  in  after  years,  when  much  taller 
buildings  came  into  existence,  may  very  readily  be  seen.  In  fact, 
It  became  quite  indispensable  in  the  case  of  buildings  of  17  or  18 
stories. 

Later  on,  the  introduction  of  the  electric  elevator  and  the 
^»ini  made  for  its  economy  of  operation  caused  elevator  builders 
to  look  for  more  economical  methods  of  operating  the  hydraulic 
levators.  One  of  the  chief  drawbacks  to  economy  in  the  hydraulic 
elevator  was  the  fact  that  the  same  amount  of  water  luid  to  be 
D8ed  jier  trip  regardless  of  the  load,  and  the  introducers  of  the 
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eWtnc  eIrTKton  iiiuk'  lite  oUiiii  Umt  au  amutiut  nf  cunvnt  pro- 
nortioDKl  to  iIh<  liwd  rarriMi  was  all  (liat  wns  oxt-d, 

Tht>  ill  trod  UL-tioQ  of  iliu  tii^Ii  {>ivitdiire  wnler  BjsU>m  in  th«(ntj 
of  IdtodoD  ImiI  iitlni«le<)  coneidersblo  attviitioo  in  eiigiii taring  cir- 
df»,  Biid  the  U3«-  of  cU'mture  ir  'iiiuuwtiou  tlierewUh  had  sh"wii 
that  ■  ^iiU'r  wNjiitiiiiv  was  |MHUiibl«  with  n  higher  prt^^surw.  owing 
to  ivduiii!  ntva  of  i-yliudiT.  then'  Iji-iiii;  less  friction  and  smaller   ' 
coD§iDiut)ti<in  of  MaiiT.     Tli«  syBtf^m  of  liiph  ptvBsuivs  was  iiitro-   I 
Awxtl  \wn-,  hut  it  has  not  fWKlia^I  )dl   tlml   wils  expect*^  of  iu 
Tbf  fitoruiotifl  tX]wn^  nmiiM-.tM)  vriili  tliu  inslalUtioD  aad  mala-  ' 
tvnancw  tktv  the  irhit-f  drnwltarks.  hut  during  ilif  time    llutl   tru  i 
dtroifd  to  t-x)H>riiiii'nling  with  the  high  jiivesuro  B^stt^ins,  ooeor  ' 
twiil\)va  of  fh'Vators  wt'rw  evolv*^^   lliat  g«vt!  considvnibic  satis' 
faction.  oiR'  of  thi'«'  bring  thai  of  uaing  a  vertical  cylioder  wiili  a  1 
niiii.  the  Wftjjht  iif  which  vae  sntlicjcftt  to  lift  tlm  cage  with  ita  ] 
loud,     Tht'  huifeting  of  the  load,  therefore,  was  done  hy  di»c)iart;ing  I 
ihr  n'airr  from  the  cyliudcr,  and  wbvn  th»  platfonu  or  cage  wita  to  | 
bf    lowered  (t  u*»  Hci'ouiplinhctl    by  turning  ihe  M-aUtr  jtre^^are   ' 
agiiin»t  tht*  end  uf  ilie  ram  and  lifting  it.     Tliiit  mm  was  glared   ' 
in  the  usual  uuuincr  by  nicuita  of  a  vros^  hi-ad  and  oheavt-s  having 
a  ratio  iif  anrwhrre  from  2:1  in  '■;  1. 

Other  wheines  were  devised  for  economy,  one  of  which  wa3 
to  hsive  two  or  more  tanks  at  varying  pressures,  one  tank  having 
8av  KHI  [K>uiids  pressure,  a  eeeond  150,  and  using  one  or  the  other 
aceonling  to  the  load  to  Ije  lifted,  an  automatic  operating  valve 
being  used  in  connection  tlierewith. 

Another  form  of  hydniulic  elevator,  which  has  always  l»een 
very  jHipular  in  Kum]ie,  was  the  jdunger  itiachiuu  or  ram.  This 
consisted  of  a  hollow  plunger,  whieh  passeil  through  a  stutBng 
box  iu  the  top  of  the  cylindt-r  whicli  was  let  down  into  the  ground, 
the  depth  of  satne  being  tin-  length  of  run  from  lower  to  up|K'r 
landings,  the  plalforni  orciigc  being  set  on  top  of  this  ram.  When 
water  was  let  into  the  cyliniltT  the  pres^nre  of  same  against  the 
l>o!tom  end  of  the  rum  foived  It  np  out  nf  the  cyliixiei.  and  the 
(•HC  Willi  it,  to  the  top  of  the  liuihling,  the  lowering  In-ing  done 
by  allowing  the  water  to  aflerwariis  eseiija-.  Tlie  form  of  valve 
anil  its  o|M>nition  was  the  same  in  this  ease  its  in  that  of  the  other 
lyjus  of  hydniulic  elevaioi-s. 
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This  style,  of  elevator,  however,  from  the  poiut  of  economy 
had  one  objtH^tionahle  featurethat  was  peculiar  to  itself,  and  which 
iras  mure  noticeable  In  the  higher  runs  or  apper  etories  of  build- 
ings.     The    plunger   being 
hollow,    to    insnre   lightness, 
had    a    certain   amount  of 
bnoyancy    when    wholly   ini- 
iiierse<J,    but  when    run    par- 
tiallv    or  entirely  out  of   the 
cylinder,  this  buoyancy  nec- 
essarilv    decreased,  and  con- 
Be<juently    th«   lifting   jiower 
of     the   elevator  heoaiiie   lesa 
and     less    as    it   reached    the 
npjier  fitor'es  of  the  building. 
It  consequently  could  not  be 
counterbalanced  very  closely. 
l*ecause  if  that  were  done  the 
plun^r,  in  descending  to  the 
lower  story,  would  ciinie  to  a 
iMtint  where  it  would  stop  oF 
itself  liecHuse  of  its  inability 
to  tlispla^-e  the  water  in   the 
cylinder.     This  was  a  matter 
that  entertd  largi'Iy  into  the 
cak-iilittion  of  the    area  of 
planner  when   arranging   the 
pruiwrtions  of    cylinder    and 
plutij>er,  in    relation    to    the 
[i^ssnrcof  water  to  be  used. 
Tile  earlier  elevators  of 
'I''"  tv[ic  weft-  usually  niadu 
fillia  cast-iron   plunger,  "«  '" 

*lii(.'li»a  U-foie  statetl,  was  hollow,  and,  ow 
"f  rast  iron,  had  to  l>e  re-cnforced  by  mm 
"^n  rw]  up  through  the  middle  uf  the  p 
{wsiijg  through   the  bottom  end  of  the  plungi 
^'"1^  made  fast  tu  the  floor  of  the  uage.      Without  tliii 
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opening  of  the  operating  valve  would  allow  the  escape  of  water 
from  the  cylinder  for  descent,  and  when  the  cage  was  in  the  upper 
story  it  was  liable  to  cause  the  plunger  to  break  off.  Such  an 
accident  as  this  occurred  some  years  ago  in  Paris,  causing  the  loss 
of  one  or  more  lives. 

In  the  case  just  mentioned,  the  wrought  iron  rod  in  the  center 
of  the  plunger  was  absent,  its  absence  being  a  fault  in  the  design 
of  the  machine.  To-day,  however,  with  the  introduction  of  Besse- 
mer steel  tubing,  the  necessity  for  the  center  rod  does  not  exist, 
the  ends  of  the  tubes  being  threaded  internally,  and  a  male  coup- 
ling being  used  inside  the  pipe.  The  joints  in  the  cast  iron  pluncr^r 
weren^ade  by  boring  out  the  ends  of  the  sections  of  the  plungers 
and  inserting  a  thimble  nicely  fitted,  which  entered  each  end  of  the 
adjacent  sections  to  a  distance  of  3  or  4  inches,  the  ends  of  the 
sections  of  the  plunger  themselves  being  faced  or  squared  off  per- 
fectly in  the  lathe,  and  the  whole  being  put  together  with  a  hy- 
draulic cement  con)po8ed  of  litharge  and  red  lead  mixed  with 
boiled  linseed  oil,  or  Japan  varnish.  These  machines  are  very 
much  in  vogue  to-day  for  short  runs,  and  despite  their  lack  of 
economy  in  0{)e ration,  which  must  necessarily  exist  owing  to  the 
conditions  described,  a  company  has  within  the  past  few  years  been 
formed  for  the  exclusive  manufacture  of  this  style  of  elevator. 

PACKING  AND  LUBRICATION 

Of  course,  in  the  manufacture  of  all  the  styles  of  hydraulic 
elevators  here  described,  a  very  important  feature  is  the  condition 
of  the  bore  of  the  cylinders  and  the  external  diameters  of  the 
plungers.  It  is  absolutely  essential  that  both  cylinders  and  plun- 
gers shall  be  parallel  and  smooth,  any  inequalities  or  inaccuracy 
causing  a  waste  of  the  water  used  in  operating  them,  and  one  of 
the  most  essential  features  in  their  care  is  the  proper,  and  even, 
setting  up  of  the  packing,  l>oth  in  the  glands  of  the  plunger  ma- 
chine and  in  the  piston  of  the  cylinder  machine. 

Many  forms  of  packing  have  been  devised,  the  earliest  being 
the  leath(M'  cup,  which  is  almost  as  old  as  the  hydraulic  press,  in 
which  latter  it  proved  to  be  the  most  successful  {)acking  ever 
devised.  In  a  hydraulic  press,  the  ram  or  plunger  travels  a 
very  short  distance  and  very  slowly,  and  under  exceeding  great 
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pressnre,  but  with  the  lower  pressures  used  in  hydraulic  elevators, 
aod  with  the  greater  rapidity  and  distance  of  travel  of  the  piston, 
this  style  of  packing  was  not  found  to  be  as  long  lived  as  could  be 
desired.  Hence,  various  other  means  were  devised  to  overcome 
the  defects  found  to  exist  in  the  leather  cup.  One  of  the  best  was 
that  of  using  a  leather  cup  exactly  as  the  original,  but  smaller  than 
the  diameter  of  the  cylinder  by  an  inch  or  inch  and  a  quarter, 
and  to  fill  up  the  space  between  the  leather  cup  and  the  bore  of 
cylinder,  rings  of  ordinary  square  pump  piston  packing,  made  of 
alternate  layers  of  rubber  and  canvas,  were  used.  These  were  held 
in  place  by  means  of  a  follower  ring,  and  through  the  web  of  the 
piston  leading  directly  behind  the  leather  cup,  small  holes  were 
drilled  which  |)ermitted  the  water  in  the  cylinder  under  pressure 
^0  obtain  access  behind  the  leather.  This  pressure  forced  the 
leather  outwards  against  the  aforesaid  rings  of  piston  packing, 
pressing  them  against  the  bore  of  the  cylinder,  and  allowing  the 
P^fisage  of  the  piston  in  a  water  tight  condition. 

This  form  of  packing  was  used  very  largely  in  the  vertical 
kydranlics,  described  above,  and  introduced  by  Mr.  Baldwin,  but 
^his  fonn  of  elevator  had  one  great  disadvantage  over  the  horizon - 
^' type  of  machine,  in  that  both  ends  of  the  cylinder  were  closed, 
*nd  these  conditions  did  not  permit  of  proper  lubrication.  Hence, 
*fter  machines  of  this  type  had  run  a  few  years  the  cylinders  be- 
^nje  badly  scored  or  grooved,  and  there  was  a  great  leakaoe  of 
^^terpast  the  piston,  and  the  only  remedy  was  the  reboring  of 
^he  cylinders.  In  many  cases,  especially  where  elevators  of  this 
^'pehad  l)een  installed  where  the  water  pressure  was  low,  the  cyl- 
*'*der8  had  l)een  designed  with  such  thin  metal  in  the  walls  that 
^^y  would  not  admit  of  reboring.  In  some  cases,  engineers  had 
^^^  to  introduce  a  lubricant  in  the  water  used  to  operate  the  ele. 
^'ors,  but  with  no  very  marked  success. 

With  the  horizontal  machines,  however,  one  end  of  the  cylin- 
^^  being  open,  lubrication  became  an  easier  problem  to  solve. 
^'^  these  machines,  owing  to  the  greater  diameter  of  cylinder,  the 
*^ther  cup  and  piston  packing  was  not  so  readily  applied  and  in 
**^n  thereof,  several  forms  of  |)acking  were  adopted  by  different 
'^•kere,  each  having  his  own  ])articular  choice.  In  some  cases, 
PUited  hemp  was  used.     Others  used  the  square  piston  packing 
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made  of  rubber  and  canvas  before  described.  Still  others  used  rub- 
l>er  cord;  some  used  it  in  the  s(juare  strips  and  others  round  with 
alternate  layers  of  square  ])ist()n  packintr,  and  each  of  these  had 
its  own  particular  merits  and  advocates. 

The  piston  liad  to  be  made  with  an  annular  sj>ace  for  the  re- 
ception of  this  packing,  so  sliaped  that  the  pressure  of  the  neces- 
sary follower  ring,  which  was  essential  to  the  tightening  up  of 
the  packing,  caust'd  it  to  be  forced  outw-ards  against  the  internal 
sides  of  the  cylinder.  This  follower  rinij  was  made  with  a  roomy 
groove  in  that  ]>art  of  it  which  extended  outside  beyond  the  pack- 
ing, and  from  this  groovt*  extended  a  pipe  leading  out  l)eyond  the 
open  mouth  of  the  cylinder  to  the  cross  head  where  a  large  com- 
pression grease  cuj)  was  fastened  and  kept  tilled  with  grease.  The 
tightening  of  a  screw  in  this  grease  cup  forced  the  grease  through 
the  pipe  into  the  groovt^  in  the  follower,  thereby  keeping  the  cylin- 
der constantly  lu])ricated  at  every  stroke,  and  to  prevent  its  escape 
through  the  open  end  of  eylinder  and  consequent  waste,  a  ''wiper" 
or  single  ring  of  parking  was  used  with  an  auxiliary  follower  ring 
to  tighten  it  up  as  re(|uii'e(l. 

There  is  a  neculiaritv  about  the  lubrication  of  the  cylinders 
and  plunjreis  of  hvdraiilic  clrvatois  not  mMierally  known  to  the 
persons  in  chartre  of  thrse  machines,  which  is  that  nothing''  but 
purely  animal  oil  oi'  gn^:ise  will  t^ive  perfect  lubrication. 

Since  tlu»  introduction  of  oils  and  greases  that  were  partially 
or  wholly  composed  of  pnxluets  of  ju'troleum,  their  cheapness  and 
adaptability  to  revohing  shafts  and  bearings  has  nnide  them  a 
general  favorite,  but  however  well  adajjled  they  were  for  lubrica- 
tion of  this  nature,  they  were  wholly   unlit  where  water  came  in 

« 

contact  with  the  sui*fae(»,  an«l  that  is  why  they  were  not  suited  for 
hydraulie.  elevators.  Kaeh  time  the  eylinder  was  tilled  with  water, 
or  when,  in  the  case  of  the  |)luiiger  elevators,  the  plunger  became 
immersed  in  the  eylinder,  grease  or  oil  that  had  been  applied  dur- 
ing-the  stroke  wonM  lloat  away  in  the  water,  leavintr  the  I)ore  of 
the  cylinder  oi"  external  surface  of  the  i»lnnifer  entirely  bare.  To 
obviate  this,  it  was  m-cessary  to  u>e  a  purely  animal  oil  or  grease, 
which,  being  a  betti*r  resistant  of  water,  would  remain  on  the  me- 
tallic surface   for  sevi*ral   strokes  of  the  piston  or  plunger,  as  the 
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cast'  niitflit  Im»,  and  consecjiUMitly  was  more  economical  and  more 
satisfactory. 

LIMIT  VALVES 

For  limiting  the  travel  of  the  cage  to  the  upper  and  lower 

laiidincxs,  in  other  words,  to  cause  the  water  to  be  automatically 

shut  off  at  these  jK)ints  inde[)endently  of  the  efforts  of  the  operator, 

the  earlier  hydraulic  elevators  dej)ended  entirely  on  button  stops 

on  the  o|)erating  cable,  working  in  conjunction  with  a  striking  arm 

on  the  catre. 

In  all  elevators  it  is  the  custom,  in  jmtting  on   the  operating 
cable,  to  arrange  it  in  such  a  way  that  pulling  down  on  the  stand- 
in^  part  of  the  cable  which  is  used  by  the  operator  causes  a  motion 
of   the  elevator  in  an  opposite  direction,  and  vice  versa.     For  in- 
stance, were  the  oj)erator  to  j)ull  the  cable  down,  the  car  would 
rise.     \ow  at  a  proper  place  on  this  cable  is  fastened  a  sort  of 
clanjp,  1)eing  made  in  halves  for  the  greater  convenience  in  putting 
it    on,  and    the  two    halves    being    fastened    tog(»ther  with    bolts. 
When  put  in  place  on   the  cable  and  clamped  tightly  there,  it  is 
immovable  except  with  the  cable.     An  arm  of  wrought   iron  is 
fastened  to  some  convenient  part  of  the  cage  sufficiently  high  to 
^  out  of  the  way  of  the  operator,  and  this  arm  is  formed  at  one 
end  into  a  ring  which  slips  freely  over  the  operating  cable  as  the 
car  travels,  and  strikes  the  button  just    described,  on  arrival    at 
enter  end  of  the  run,  moving  the  cable  exactly  as  the  operator 
^onld  do  it  to  the  central  or  stop  position. 

This  arrangement  worked  very  nicely  and  tilled  all  require- 
'D^ntg  as  long  as  the  operating  cable  was  in  good  condition,  but  it 
^^  found  in  course  of  time  that,  as  the  operating  cable  wore  or  its 
^^Jition  deteriorated  from  any  cause  (the  principal  one  being 
^^nipness  in  the  pit  at  lower  landing),  it  was  lialde  to  break,  and 
this  always  occurred  w^hen  it  was  least  exrx^cted,  the  result  beintr 
^'8*8trou8  in  every  instance.  In  some  cases  the  ])iston  would 
come  out  at  the  end  of  the  cylinder,  allowint^  the  water  of  the  cyl- 
iDderto  escape,  causing  serious  damage,  for  it  would  continue  to 
"OW  through  the  supply  pipe,  and  at  the  same  time  the  cage  would 
^  nin  violently  into  the  sheaves  at  the  top  of  the  hatchway,  often 
breaking  them  and  causing  other  serious  damage,  and  in  the  case 
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ju8tde8eril)ecl,and  running  along  longitudinally  between  them  were 

very  heavy  hkIs  of  wrought  iron  or  Bessemer  steel  threaded  at  each 

end.    The  ends  of  these  rods  passed  through  holes  in  the  lugs  cast 

on  the  cylinder  head  and  through  the  ends  of  this  bar,  and  nuts  on 

theends  of  the  rods  bound  the  bar  and  cylinder  head  together.     A 

rubber  bumper  was  put  around  the    piston  rod,  clamped   there 

firmly,  and  set  partially  in  a  recess  made  in  the  hub  of  the  piston, 

and  upon  the  arrival  of  the  piston  at  the  end  of  the  run  this  rubber 

bnmper  would  come  up  hard  against  the  heavy  bar  of  cast  iron, 

which  being  made  amply  strong  for  the  service  it  was  to  perform, 

prevented  the  travel  of  the  piston  any  farther,  and  in  like  manner 

the  piston  came  against  the  cylinder  head  of  the  lower  lin)it  of 

travel,  there  being  a  similar  bumper  of  rubber  fastened  in   the 

r«*88  in  the  hub  of  piston  on  that  side.     Of  course,  these  cylinder 

heads  had  to  be  strongly  re-enforced  to  withstand  the  strain,  and  this 

was  found  to  answer  all  requirements,  for  it  would  always  o|)erate, 

^gardless  of  whether  the  limit  valve  or  buttons  of  the  oj)erating 

cable  gave  out  or  not. 

In  the  case  of  the  vertical  hydraulics,  which  were  known  as 

the  standard  elevator,  an  appliance  of  this  kind  was  not  eo  easily 

pttt  on,  in  fact  none  was  ever  devised  that  acted  successfully.     The 

o^^y  places  they  could  be  used  was  at  the  upper  end  of  the  run 

and  at  the  lower  end,  l)etween  the  cylinder  and  operating  valve, 

*nd  this  had  the  disadvantage  previously  described    as    existing 

*'th  the  earliest  form  of  limit  valve  on  the  horizontal  machine. 

"  the  valve  in  the  circulating  pipe  was  closed  it  prevented  the 

**'evator  from  running  in  either  direction;  hence,  it  liad  to  be  set 

^that  it  would  not  close  entirely,  and  this  very  fact  impaired  its 

usefulness  and  effectiveness.     In  the  case  of  the  vertical  plunder, 

}i  .  .  . 

"OWever,  it  was  very  easily  arranged,  the  cylinder  being  made  so 

tliat  when  the  plunger  got  a  little  below  its  lower  limit  of  travel  it 

^^suiade  to  rest  upon  the  bottom  head  of  the  cylinder,  and  fast- 

^^^  around  its  lower  end  was  a  ring  which,  when  it  n^ached  its 

°Pf*r  limit  of  travel,  would  come  in  contact  with  the  bottom  end 

^'  the  stuffing  l>ox,  thereby  preventing  its  ever  coming  entirely  out. 

ELECTRIC  ELEVATORS 

The  most  popular  form  of  elevator  in  use  to-day  is  that  oper- 
ated by  electricity,  and  the  general  arrangement  of  machines  now 
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sc  is  that  Iff  a  \vt 
.r,  llie  frrar  wluvl 
wIidU'  ih:ii-1miu>,  of  wmrst 


1(1  f£car  wlii'cl  ai-tUHU-d  l)_v  an  cleclrit: 
altai'licil  to  ;i  wimliii^  dniiii  or  ajxiu), 
liiiiiir  I'ollcii  lo  an  appiMiiriato  IhhI 
[ilalc,  and  tin-  worm 
shaft  litU'd  wiih  Ih,- 
projKT  funn  of  hrakiiii; 
apparaCiis  for  ii  i^  i-  in 
sloppiiifi. 

Thi-  iiiiitoi'uscil  for 
o|)i'ratinfj  a;i  elevator 
lias  to  differ  sonieK'hiit 
from  one  used  in  driv- 
irii^  ordinary  uiai-liinery. 
iti  thut  it  has  to  Htart 
nj)  from  a  state  of  rest 
wilhlheload  on  it.  nn.l 
it  is  a  well-known  faet 
-  tliat  ordinary  sli  ii  ii  t- 
wouiid  motors  are  very 
Weak  at  startlnij.  hciiee 
a  iniHliliealion  liei-aiiie 
neeessary.  Tliin  wan  dis- 
covered very  early  in  the 
intn>ilnetiiiu  of  ihe  elee- 
Irie  elevator. 


To 


tlli: 


fill 


motor 
lield  V 


he   liiolor  is    started, 
letualed,   and   as  fas^t 


iittii-iilty  a  very  stronif 
ieries  lield  winding  it) 
ised,  and  tliiti  it-  usually 
irninged  in  two  or  three 
'ections,  and  it  should 
iiishfnlly^inorWjK-r 
eerit  of  the  Held  excita- 
tion. The  sliunt  winding 
is  made  proportional  to 
the  entire  strength  of  the 
hoth  series  and  shunt 
as  the  motor  picks  up 


■  «' 


.  ^  _-  i,  J I  •  _  _  .  •  _  -...«;•     • 
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Aiitticieiit  speed,  ontt  Eectiiiii  jifttT  Kniitli<-r  <if  tin-  siiii-s  ■ 
ii:  cut  ont,  lenTJiif;  llio  motor  entirely  <in  tlio  kIiiiiM  wimlii 
e\»v\.     By  tliis  u\i- 


it   lias  attaiued   tiMfiiiHl 


uixltT  Hiiy  load  is  o))tHine<t,  tho  scries  winc1in<ir  lu-in<r  used  pimply 
to  ^ive  tlw  necessary  torque  for  stiirtinij, 

Tliu  reuson  the  series  witiciinir  is  eiit  uiit  wlieii   tho  riiotor 
attains  normal  speed  is  tliHt  if  left  in  lU'tinn  the  s[H-ed  oF  tlie  niotur 


would  vary  with  tlie  load,  atiil  tliis  would  \n-  more  rioti.vuM.'  dii 
iii(r  a  «leb<wnt  of  the  load  tliau  when  lifiiii^.  fur  it  would  sHceJ 
rait*  the  descent  at  a  rate  thitt  wouM  he  (cjustmitly  iin-n-asiiii^  iiii 
the  eud  of  the  run.  IJy  cutting  <nit  the  si-ries  wirnliui^  and  alio 
iiiij  the  motor  to  run  on  the  shunt  only,  this  is  avuich-il.  Tin 
eunditions  are  hrou^ht  ulN)ut  hy  means  of  tlie  i-urilrolli-r. 

TJie  offices  of  the  fontn.lhr  are  varl.d.  It  hi.:=  tif.-t  i<i  In 
the  current  into  the  motor  lliiouiih  a  eertain  aiti'iiint  of  ii^i^laru 
ttectind,  to  grailually  cut    this  out    in    ^li'ps  as   tin-  Jiiolor  in-'iva:; 
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in  speini.  At  the  same  time  it  must  gmdimlly  cut  out  tlio  series 
wiudirig  in  Bectiong,  and  when  tho  eh-vntor  h  lowering,  it  also  has 
lo  take  oar©  of  the  short  eircuiting  »»f 
the  armature,  which  will  lM'ex[i!aiiit'il 
later  on.  It  consists  usually  of  a 
switch  for  cutting  out  or  hreiikiiig 
the  eircuit  and  for  closing  it,  making 
suitable  connections  to  the  armature 
leads  to  cause  the  motor  to  run  in  the 
direction  recjuired..,.  Tliis  switch  is  so 
arranged  that  when  the  circuit  is 
closi'd,  it  releases  an  arm  or  a  croas- 
head  that  drops  by  gravity  and  there- 
by cuts  out  the  resistance  in  steps, 
doing  it  by  moving  the  contact  piei-e 
over  a  number  of  plates;  the  speed  of 
its  descent  is  governed  by  the  escape  of  air  from  a  dashpot.  In 
some  cases,  instead  of  releasing  the  arm  described  above,  it  acta- 
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Fig.  H.    (A)  WlrliiB  Dlagmm  for  Meiliiinlcal  fontroUer. 

ates  a  solenoid  which  lifts  the  arm  or  cross-head,  its  speed  being 
governed  in  the  same  manner  by  the  use  of  a  dashpot.  The  break- 
ing of  the  motor  and  solenoid  circuit  ie  done  simnltaneoiisly  just 


jirior  to  the  Btopjiinj^  of  tin-  I'lcvaior, 
fU'vator,  or  tlio  weiglit 
of  til©  loa^Is  it  carries 
make  it  4)fsirHl)ie.  tbi> 
(•oiitrolltT  is  so  foii- 
slriu-ti-ii  tliat  wlit-ri  the 
lineciix-tlit  ia  broken  for 
stopping,  wliile  the  ele- 
vator ia  lowering,  it  cnla 
in  a  ctTlaiii  ainonnt  of 
reeistanee  with  the  arm- 
ature, causing  the  E.M.. 
V.  ill  tht'  armature  to 
jDiHS  ttirongl)  this  re.sist- 
aiiee,  thereliy  retarding 
the  speed  of  the  motor. 
This  E.  M.  F.  becomes 
weaker  as  tlie  bjm-wI  of 
the  armature  ilecreaees, 
until  it  finally  ceases 
witti  the  iiiotiun  of  the 
[iiotor.  This  method  of 
Wingi  ng  the  elevator 
motor  to  a  standstill  is 
used  in  all  etandard 
makes  of  electric  eleva. 
tors  to-dar,  and  has  l>een 
in  nse  since  altout  ISllo. 
In  addition  totliis,ame- 
chanical  brake,  operated 
from  the  rock-shaft  of 
the  machine  itself,  and 
also  a  separate  mechani- 
cal brake,  operated  elec- 
Iricallr  by  a  solenoid, 
are  used.  In  the  case  of  y\c.  ir.  kl.  m. 
the  latter,  the  solenoid 
IB  ao  arranged  that  it  relea»-b  the  liruki.' 
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This  iijt-lliod  o(  stoppiiifi  »ml  stsirtirig.  jiiHt  descril(t^.  is  the 
one  ^'iifriillv  "Hi-ii  willi  h  mwlmiiii-al  arraiifii-nicnt  fnrii[rniliu(; 
llm  clavatiir;  ihm.  is  tn  say,  willi  »  hiiiid  caWo  or  a  It-vrr -(![«■  mtiiig 


device;  the  cutting  out  of  the  resistance  u[)on  the  starting  of  t 
elevator  is  jinrely  mechanical.  The  arm  or  cross  head  on  the  c( 
trolier,  which  cuts  out  the  resistance  in  steps,  is  made  to  nii 
over  the  contact  pieces  arranged  for  t 
pnqwse,  either  by  gravity  or  by  a  sol' 
oid  which  moves  the  arm  or  cross  he. 
for  tliese  controllers  are  made  I)oth  wa 
Some  have  an  arm  working  at  one « 
upon  a  pivot,  the  other  end  carrying 
carbons  over  the  contact  pieces;  ot 
tv]>es  have  a  cross  head  which  asce 
or  descends  according  as  gravity  or 

Fig.  I".    Ciroiiit  l.'lo^ilng  Siviich.  1-1  ■     .        '    ^-  m 

solenoid  comes  mto  action.       ibe  cr 
head  always  has  two  seta  of  contacts, 

Tlie  time,  of  movement  of  the  arm  or  cross-head,  as  the  c 
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iiiav  \<t:  is  governed  by  the  use  of  a  daslipot.  The  earlier  furiiis 
of  Jashpois  «vre  filled  with  a  liglit  oil  which  would  flow  freely, 
tod  the  movement  of  the  plunger  in  the  daebpot  caused  the  oil  to 
flow  from  one  end  of  the  cylinder  to  the  other,  through  a  very 
email  opening,  which  was  adjustable  as  to  size.  The  time  in 
Tchiili  ihe  arm  or  cross  bead  jiasBed  over  the  contact  plates  waa 
llins  regulated,  but  it  was  fomid  that  the  oil  was  affee.ti*d  by  teui- 
peralure,  very  cold  weather  making  it  shiggish  and  thick,  and  the 
iciiun  of  the  arm  or  cross  liead  co r respond ingly  slow.  Sometimes 
wbtre  the  oil  waa  of  a  volatile  nature,  considerable  waste  would 
occar  fronf  this  and  other  causes,  and  then  upon  closing  the  circuit 
iWjihinger  would  move  very  rapidly  until  it  struck  tlie  oil  and 
I  Mi  'irought  up  with  (jnite  a  shock,  and  resistance  wai 
I  qiiitklj  for  two  or  three  steps.  This  had  i  "  "  ~ 
I  times  too,  the  attendant  would  neglect  to 
rtplcnish  the  dashpot  at  all  and  it  would 
bwDiiieentirely  empty;  then  the  resistance 
»on!d  be  cut  out  so  suddenly  as  to  en- 
JaiipT  the  safety  of  the  motor.  To  reui- 
«inbis  a  datihpot  of  soniewliat  larger  di-  '■ 
under  was  used,  having  a  nicely  fitting  i 
[H^ton,  and  the  air  in  the  dashpot  was  ini- 
prisoned,  being  allowed  to  esc8j)e  through 
1  iiiinate  hole  at  the  top  or  bottom,  ac- 
ffding  to  the  way  the  dashpot  was  placed. 
Hwopening  being  adjustable  by  means  of  a  scnnv,  the  arm  or 
nws  head  could  be  made  to  pass  over  the  contact  pieces  at  any 
•fwl  desired,  the  usual  time  allowed  from  closing  the  cii-cuit  to 
*'tsining  full  speed  being  from  four  to  five  swonds. 

With  elevators  running  at  a  bigh  rate  of  3|«'ed,  liowever,  say 
300  fwt  i>er  minute  or  more,  this  methotl  of  opi'mtion  was  not  as 
pirfect  as  could  l>e  desired ;  hence,  there  Wiis  devised  what  is  called 
llw electric  control.  Tliis  consists  of  a  sinall  switch  located  in  the 
oi).  From  it  wires  are  run  in  the  form  of  the  Jifxible  cable  to  a 
poiul midway  of  the  run  of  elevator,  where  the  end  of  ihe  cable  is 
ittacled  to  the  wall  <>f  the  shaft,  and  from  that  point  wires  are  run 
to  the  controller.  This  cable  has  to  convey  but  a  very  small 
iDKHiat  of  carreot,  simply  sntlicieut  to  actuate  one  or  more  soleu- 
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oids  on  tlie  controller.  Theee  solenoids  operate  the  switches  which 
make  and  hrt^ak  the  circuit  in  either  direction.  The  throwing  of 
this  switch  in  the  cab  to  the  uprightor  central  position,  breaks  the 
circuit  always,  and  movinj; 
it  either  to  the  rifjht  Land 
or  left  will  close  the  appro- 
priate switch  on  the  con- 
troller to  run  in  the  direc- 
tion  desired.  This  is  done 
by  ikctuating  a  aolenoid  on 
the  controller,  as  Iwfore 
slated,  which  closes  th,' 
Bwitc-h  to  rnn  the  motor  in 
the  ilirection  desire<i.  Tlie 
cable  attached  to  this 
switcli  has  to  have  at  least 
three  wires,  one  for  the  line, 
and  the  other  two  for  their 
reBi>ective  solenoids,  but 
ntiually  the  cables  are  put 
in  with  a  nninbcr  of  vcires, 
so  that  if  anything  hap[ien8 
to  liny  one  iif  those  in  use, 
(ine  of  the  dead  wires  Oftn 

and  (bus  the  necessity  for 
"tciny  the  entire  cable 
iviiilecl. 

<'i>ntnillers   of    this 
ri|itio(i  o|>erat6  iu   va. 


wave 


in  i 


ner  aw  descri 

Anoilu-r  fofTii  of  controller  dot 

will  be  described. 


oori  as  the  line  circuit  ia 
'h)si'd,  a  solenoid  is  actu- 
ilfd,  which  cuts  out  the 
(■distance  in  the  same  nnin- 
r  InLiul-cable  control. 


i"ent  manner,  ' 
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The  iirmature  ia  connected  with  a  number  of  Bolenoids,  each 
connected  with  a  separate  step  of  the  resistance,  and  so  arranged 
ibal  tiivy  require  varying  aniounta  of  current  to  Hcliiatt-  tiieiii,  and 
tW  E.M.t'.  ill  the  armature  actuates  these  solenoids  in  rotation, 
t1)e  motor  Itfing  started  up  at 
first  and  running  slowly,  the 
E.M.F.  in  ibe  armature  is  weak 
>nd  actuates  only  the  first  solen- 
[lid.  whk'h  then  cuts  uut  the  first 
litep  of  the  resistance.  As  the 
sjK<ed  increases,  the  E.M.F.  be- 
iMiues  stronger  and  successively 
cuts,  out  throngh  the  other 
eulenoids,  all  tlie  resistances  as 
the  motor  attains  full  speed. 
When  the  circuit  is  open  for 
rlojipiug  tht)  elevator,  these 
solenoids  all  drop  Imck  to  the 
original  jmsition  and  are  ready  ' 
fur  the  next  start,  and  they  a 
used  to  cut  mit  the  resistances  "«•*■■  M«i.auia.i  c^ir^uor.  vimwe 
iu  either  direction  of  the  motor. 

Tile  E.M.F.,  as  Inifore  stated,  is  frequently  used  as  a  means  of 
rt'tarding  the  motion  of  the  elevator  when  a  atop  is  desired,  the 
most  ftfcctive  method  l>eing  tii  iiitrodnce  a  set  of  resistances  in  the 
controller  ejiecially  designed  for  tbe  purpose.  It  is  arranged  on 
some  clfvatora  so  that  the  E.M.F.  actuates  a  solenoid  which  ap- 
pliea  tbe  brake,  tbe  latter  being  held  off  by  a  strong  spiral  spriug. 
When  tht-  circuit  is  broken,  tlie  same  movement  that  o|)ens  the 
switch,  connects  the  armature  with  this  solenoid,  and  if  tbe  eluvutor 
ia  mnning  very  fast,  tlie  E.M.K.  U'irig  strong,  applies  the  brake 
fery  hard.  As  the  current  in  the  nniiature,  owing  to  tho  slowing 
down  of  the  motor  on  the  iipplicatitni  of  Lhe  hmke.  U'coiues  weaker^ 
llw  pressure  on  the  hraki-  Itei-omes  luss,  nnlil  fiually  it  ceases  en. 
tirely.  and  nl  this  [joint  tin-  oIIiit  niecbanical  bnike  ojieraled  by  a 
solenoid,  whose  office  is  only  to  release  it,  is  applied  iwnnauently 
bv  mechanical  means.  With  ihia  arrangement,  one  solenoid  slowa 
the  motor  and  brings  it  to  a  sto]),  and  having  attained  that  jioint, 
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th«  otlmr  aulmioid  released  Us  lioM  on  tliu  l>rake  and  alluWH  llie 
Bpriiig  to  a|>j»ly  it. 

This  latter  arraiigenient,  however,  of  usiiiff  tliB  E.M.F.  to  ap- 
ply the  brake,  is  simply  a  roundabout  way  of  reaching  the  reoult — 
partly  by  iiitH:lian  ical  and  ]>artly  by  electrical  means — and  is  not 
really  necessary;  the  short  circuiting  of  the  annatore  through  re- 
sistances in  the  controller  is  all  that  can  be  desired. 

In  many  elevators  where  a  variable  sjteed  is  desired,  connec- 
tion is  made  between  the  armature  and  a  solenoid  connected  to  a 


Ixuuitumrir 
tunt  Mel 


Ud 


Vie-  31-    (f)   WlrliifT  UliinniTii  li>T  M«Uatiii':il  Comroller. 

switch  wiiich  is  kept  cIowkI  except  when  the  solenoid  is  actuated. 
This  switch  closes  a  circuit  between  theahunt  Held  coils  and  a  bank 
of  resistiuKVH  in  the  controller.  Hpecially  designed  for  the  purpose, 
and  has  the  elFect  of  weiikeniiig  tin*  tields.  This  causes  the  motor 
to  run  at  a  greater  thiiti  its  normal  spetnl.  so  that  with  i  light  load 
wheiv  the  K.M.K.  iji  the  armature  is  not  great,  the  elevator  will 
always  start  u]i  And  run  inueh  faster  ihrin  when  a  full  load,  or  one 
nearly  aiiproaehiug  it,  is  in  the  <'age;  A)r  when  the  greater  load  has 
to  be  lifted,  ihi'  K.M.I",  in  the  aruuilure  bwomes  strong  enough  to 
actuate  the  solenoid,  which  o|wns  the  switch,  thereby  cutting  out 
tlie  rcsistJince  in  the  fiflils  and  leaving  them  stronger,  and  the 
S[)et'd  of  the  motor  immediately   Imcomes  slower.     This  is  a  very 
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iiictj  device  and  dots  its  work  aatoniaticallj  and  is  quite  reliable. 
The  idea  of  weakening  or  BtrengtbeDiDg  tlm  fields  of  a  motor 
tu  gain  or  lessen  speed  is  almost  as  old  as  the  first  electric  eleva- 
tors, bnt  where  carreat  is  taken  from  a  public  supply,  or  where 
only  one  elevator  is  used,  it  is  usually  not  praetirahle  to  deviate 
From  the  methods  above  described.      The  ideal  electric  elevator. 


Fl«.  te.     <D|  wiling  Diagnm  of  ruDtrolIrr  wlib  S«l*-ii'<l<I  Ciit'Oiiis. 

however,  is  one  where  a  separate  dynamo  i*  upt-ii  for  supplying  tiie 
fields  and  one  for  the  armature.  A  field  regulator  (.-oniiected  with 
the  dynamo  supplying  the  fields  can  be  placed  in  the  cab,  by  means 
of  which  the  operator  can  weaken  or  strengthen  the  fields  of  the 
dynamo  supplying  the  current  to  [be  fields  uf  the  armature  driv. 
ing  the  motor.  By  this  means  a  great  variation  in  sjieed  niny  Ite 
bad.  Bat  while  fairly  economical  in  itii  ojienitiun.  it  iiS  a  plant 
that  is  expensive  to  install,  and  tbniigli  it  Iihh  1>eeri  done  in  a  few 
instances,  there  are  net  many  of  tbirt  iy[x'  of  elevator  in  existence. 


ELECTRIC  LIMIT  SWITCHES 

t-lcviitor^  liiflt  more  spim 
-liewl  sheaves  at  the  n|i|N- 


It  was  fonnd  in  o[)erHting  el<fl 
was  needed  between  the  cab  and  tbe  ( 

[jart  of  the  run,  and  that  a  dei-jR-r  jiit  was  al.-^o  recjninil  at  the 
bottom  of  tbe  run  on  account  of  tbe  oceaijioiiaE  sli[.  of   llie  brake. 
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For  frequently,  although  the  mechanical,  automatic  or  limit  stop 
on  the  machine  would  break  the  circuit  and  apply  the  brake  near 
the  end  of  the  trip,  there  were  cases — for  instance  when  the  empty 
cage  was  required  to  ascend  at  full  speed  and  the  brake  had  be- 
come slightly  worn  and  did  not  grip  as  firmly  as  usual — that  the 
cage  would  go  beyond  the  landing,  and  the  additional  space  men- 
tioned above  was  required  to  prevent  a  collision.  This  also  hap- 
pened sometimes  at  the  lower  end  of  the  run  when  an  extra  heavy 
load  was  descending.  A  lack  of  care  on  the  part  of  the  ojHjrator  in 
breaking  the  circuit  in  sufficient  time,  or  the  causes  just  mentioned, 
would  cause  the  cage  to  run  down  to  the  bottom  and  bump.  To 
avoid  this,  as  an  extra  measure  of  safety,  switches  are  sometinies 
placed  at  the  extreme  limit  of  the  run,  the  line  wire  being  carried 
up  the  hatchway  through  the  switch  and  returned. 

These  switches  are  opened  by  the  car  automatically  if  it 
should  pass  a  certain  point,  and  the  opening  of  this  switch  breaks 
the  circuit  and  at  the  same  time  applies  an  extra  strong  emergency 
brake.  The  switches  are  oj)erated  by  means  of  cams  attached  to 
the  cage. 

MISCELLANEOUS  ELECTRIC  ELEVATORS 

There  are  one  or  two  other  types  of  elevators  that  have  Ijeen 
more  experimental  than  practical  in  their  nature,  which  will  lie 
mentioned  here.  One  of  them,  the  Pratt-Sprague,  consists  of  a 
long  screw  running  horizontally  in  bearings  at  either  end,  which 
is  driven  directly  by  a  motor  placed  at  one  end.  The  screw  runs 
in  a  nut  having  a  cross  head,  which  travels  on  guides  horizontally, 
the  same  as  the  cross  head  of  a  horizontal  hydraulic,  and  is  sup- 
plied  with  sheaves  on  either  end.  The  construction  of  the  machine 
is  such  that  a  double  set  of  traveling  sheaves  and  also  fixed  sheaves 
is  necessary.  The  cables  are  rove  ovcm*  these  sheaves  similar  to 
the  method  described  for  the  horizontal  livdraulic,  and  the  motor, 
of  course,  is  reversible. 

One  of  the  principal  features  of  this  type  of  machine  was  the 
construction  of  the  nut  which  traveled  on  this  lari^e  screw.  It 
was  supplied  with  steel  balls  on  the  pull  side  of  the  screw,  and  they 
ran  close  together  in  single  file  through  a  channel,  which  carried 
them  around  through  the  threads  of  the  nut  and  caused  them  to 
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Kturn  lo  tile  othur  end  of  the  same  after  they  had  passed  through. 
Of  coarse,  there  had  to  be  so  many  of  them  that  they  completely 
fillfd  the  channel  from  one  end  to  the  other,  and  it  was  thought 
tli»t  llieir  use  would  reduce  the  friction  to  a  minimum.  It  was 
found,  1j owe ver,  in  practice  that  they  would  get  flat  spots  on  them 
indi-raBereyolving,  and  where  they  did  this  they  would  cut  grooves 
orseoM  in  the  thread  of  the  screw,  which  latter  was  a  serious 
Dialler.  They  are  very  prone  also  to  become  deranged,  and  their 
opentlioD  was  not  as  economical  as  had  been  anticipated. 

Very  few  of  these  elevators  are  in  use  at  the  present  time, 


I  qnitu  novel  and  the  operation 
nt.     The  eontrol  of  the  motor 


®  r®^ 


iV  controlling  device,  however, 
oflhecawe  very  agreeable  and  pie 
driting  this  screw  was  effected 
oy  means  of  a  small  pilot  motor 
operated  in  turn  by  means  of 
pBsh  buttons  iu  the  cage. 

Another  type  of  elevator 
*f»s  that  devised  by  Mr.  Fraser, 
of  California,  the  driving  met'h- 
*ni8ni  of  which  consisted  of 
'*fo  motors  set  one  above  the 
<rtber.  They  were  necessarily 
^'fw  speed  motors,  and  each  one 
"W  npon  the  armature  shaft 
sliraves  of  a!>out  20  inches  di- 
»meter.  The  motors  themselves 
""  at  a  speed  ot  about  420 
^■p-tti.,  and  the  cables  were  so 
•Tsnged  as  to  form  a  double 
""gut  or  loop  below,  in  each  of 
"I'ich  o[io  of  these  pulleys  on 
"^^  ^nnature  shaft  ran  as  shown 
'"  the  accompanying  illustra-  *' 
"^-  The  upper  ropes  of  the  cables  bad  sheaves  carrying  them 
""I  running  in  a  frame,  to  one  of  which  wiin  attached  thi-  car 
^''it',  aud  to  the  other  the  couuteriioiso  cables  These  motors 
^D  in  opposite  directions,  and  in  the  ca!>  were  placed  rheostats  for 
'tuning  or  streugthening  the  fields.     By  this  means  the  s|H;eUs 
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of  the  motors  could  be  varied.  By  reference  to  the  diagram 
illustrating  this  description,  it  can  readily  be  seen  that  when  both 
motors  were  running  at  the  same  speed,  no  motion  of  the  car  was 
obtained,  but  by  varying  the  speed  of  either  motor  the  car  would 
run  at  a  speed  ecpial  to  half  the  difference  of  the  two  motors.  No 
reversing  aj^j)aratus  was  needed  with  these  motors;  they  ran  con- 
tinuously in  one  direction,  the  motion  of  the  car  being  gotten 
entirely  ])y  the  change  in  sj)eed,  and  the  most  desirable  stops  and 
starts  were  ()])tained.  But  the  machine  was  very  severe  on  the 
cables,  so  destructive  in  fact  that  they  had  to  be  renewed  fre- 
quently;  and  taking  it  altogether,  it  was  not  found  as  desirable  a 
machine  as  had  been  anticipated,  either  from  the])oint  of  economy 
or  maintenance,  but  results  in  OjHMation  were  all  that  could  be 
desired,  including  the  speed  attained  and  smoothness  of  stops  and 
starts. 

ELEVATOR  ACCESSORIES 

An  elevator  is  really  a  vtM'tical  railway,  but  differs  from  one 
running  on  horizontal  rails  in  that  it  does  not  use  wheels,  but 
slides  on  its  track,  and  in  order  to  avoid  friction  as  much  as  j)os- 
sil)le,  the  cam*  should  be  hunix  centrally.  The  rails  used  for  the 
cage  to  travt^l  on  are,  in  the  more  common  types,  usually  of  wood,' 
hard  maple  being  the  material  mostly  adopted,  and  it  is  kept  con- 
stantly lubricated  with  some  form  of  grease.  The  guide  ways 
after  some  weeks'  use  become  roucrli  and  dry  from  various  causes, 
princij)ally  from  the  rubbing  oif  or  evaporation  of  some  of  the 
component  parts  of  the  grease,  and  also  from  the  accumulation  of 
dust,  which  sticks  readily  to  the  lubricant.  They  then  have  to  be 
cleaned  off  and  relubricated,  the  object  being  of  course  to  keep 
them  as  smooth  and  free  from  friction  as  possible. 

(treat  can*  has  to  1h»  taken  wIkmi  installint;  them  to  have  them 
in  jHM'fect  alignment  and  tlu^  joints  very  even;  and  maple,  being  a 
wood  that  is  prone  to  warp,  has  to  be  put  on  in  short  pieces,  the 
usual  lengths  being  about  four  fci^t.  The  ends  of  these  guides  are 
tontriKMl  and  <£roovi*d  to  lit  into  one  another,  and  where  the  iruide 
])osts,  to  which  they  are  attached,  art*  made  of  wockI,  thev  are  fast- 
ened  thereto  by  means  of  appropriate  lag  screws,.the  ends  of  which 
are  recessed  into  the  face  of  tht;  j/uides.     The  shoes  on  the  cacje 
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wliii'li  niti  on  IIk'f^  ^iiulcs  nru  usually  niat^'hiiii'd  tu  lit,  itiid  arc 

inwie  as  cmiMitli  as  jiossilile  at  their  faces  of  coiittict. 

Thcik'vice  p-iuTally  HKf<i  for  ato]>|iiit<^  tlm  i-ayc  in  vnse  of  a 

fndJfti  ili'sc-eiit,  «iHSc<l  eitluT  hy  tlie  hn^akaife  of  tho  eahlea  to 

wliicli  tiic  car  is  suBjteinlcil  or  liy  tlie  (lerau^citiciit  of  any  (mrt  of 

tlw  iiiscliLiiery.  is  a  jwir  of  dogB,  one 

'^■nrath  tile  eiir  on  opj^sitt'  sides.     Tbi 

w  wwiitric,  tlie   outer 

fireof  wliicb  is  BUjipHetl 

witlii-oarse  ti-etli,  which,     ■. ,  ^  ' 

"hru  tile  dotr  is  revolved  \ 

™i  ita  axis,  come  in  con- 

>»«  Hilh   the   guide 

f""i[)it;aiid  as  these  teeth 

"I'T  il.  the  descent  of 

■uecar faiises  a  further 

l-ariial  revolution  of  the 

''<^.  so  tliat  the  guides 

'•w^nie   ti<; liter    and 

'iglitsr  aa    the    car   de-  "«         *■     ■■ 

stnds.  and  bring  it  to  a  stop/     Tb  a  o|>erat  o 

liirie  lo  occur  than  it  does  to  descrilie  it  1  e  e     1 

"^^r  the  dogs  begin   to  catidi,   the     ar    le  ce  d 

""■lies  liefore   it  is  brought  to  a  dca  I   s  op 

Thefie  dogs  were  originally  us    I  e 

'''f  tlintwing  tbeiii;  hence  when  they  aeti'd  at  ail  they  actf<i  ' 
IQiekly  anil  l>efore  the  platform  had  gained  iiiiK-b  headway, 
"■nileiliia  was  quite  aatisfactory  in  a  slow  running  ek-vator,  it  ivas 
""iTiii  to  l)e  quite  objectionable  with  elevators  of  liigli  s[)eed — the 
^""Idfo  stoppinff  prodncing  a  severe  shock  to  the  occupants  o(  the 
Wftc^and  moreover  there  were  uiany  cases  where  the  elevator 
^'"ild  descend  rapidly,  and  the  dogs  faileii  to  act,  lieeaiisc  they  de- 
landed  on  the  severing  of  the  hoist  cables  for  their  action.  They 
*ere  o|ieniied  by  a  spring  which,  being  held  in  tension  by  the 
^'^iKbt  of  the  cage  on  the  hoisting  cable,  wonld  never  net  while  that 
'«n8ion  existed.  Hence,  if  the  cables  were  to  break  at  or  near  llie 
^nni  of  the  machine — the  machine  being  Im'ated  in  the  basement 
—these  cablea  had  to  pass  from  the  dmm  n|)  and  over  tibeaves  at 
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tht'  tup  uf  iho  IiiiU'liWHy  Mini  it  vvoiilil  reiiiiiit-  couBidembttf  |Kiwi>r 
U)  (Irsfj  llii'iu  ovsr  tlifst*  aluaves.  Tliis  woiikl  ln>  siitBcient  in  itwif 
to  lioM  liic  Bpriiifi  out  of  actiini. 

AVitli  till-  introduction  of  tlu-  snfi-'ly  governor,  howevtr,  this 
troiibU'  iIiB«pjK'Hn«l.  Tin-  jjoviTiior  is  h  rcvolvinfj  slie-Hvt<  having 
witliin  ils  riiii  liiijfjt  irr  iiniis  wt  upon  jiivois  and  Iield  in  plwi*  l>y 
iif  slroTii;  6|iriTii;d,  cillier  i^pir>ll  "i*  llul,.     Tlit'se  epriiiys  arv- 


Flu.  ^1.    Arriinpetuem  for  Throwing  Safety  Dogs. 

SO  iuljiisfcil  that  the  normal  speed  of  the  elevator  does  not  afft^-i 
eithfi-  them  or  the  do^s,  hiit  should  the  speed  of  the  elevator  ex- 
ceed the  normal  hv  about  25  jier  cent,  the  centrifugal  force  exerted 
by  these  dogs,  which  ai-e  weighted  somewhat,  will  overcome  the 
tension  of  the  springs,  and  they  will  fly  out  l>eyond  the  ritn  of  the 
slieave,  catching  on  a  stand  in  which  the  sheave  runs  and  stopping 
its  revolutions  entirely. 

Now  this  sheave   has  a  V-shaped    groove  in  which    runs  a 
roanila  rope  about  ^  inch  in  diameter.      One  end  of  this  rope   is 
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made  fast  to  a  lever  on  the  top  of  the  cage,  which  operates  the 
safety  do^,  tlie  other  end  is  carried  down  the  hatchway  and  around 
another  sheave  at  the  bottom  and  back  again  up  to  the  cage,  where 
it  is  attacheii  at  some  convenient  point,  usually  to  an  arm  placed 
on  the  stile  for  that  purpose.  Tliis  sheave,  which  runs  in  the 
bight  of  the  governor  rope,  is  in  a  frame,  which  runs  on  guides 


Pig.  26.    Diagram  of  Safety  Governor. 

and  has  a  moderately  heavy  weight  attached  below  it  which  serves 
the  double  purpose  of  keeping  the  governor  rope  taut  and  of  tak- 
ing up  or  compensating  for  the  stretch  of  the  rope.  It  also  gives 
the  necessary  tension  for  driving  the  governor,  and  when  the 
sheave  in  its  revolutions  throws  out  the  dogs  and  stops  itself,  as 
before  described,  the  V  groove  in  the  sheave  grips  the  governor 
rope  tightly  and  thereby  pulls  on  the  safety  lever  on  the  cagv^  and 
throws  in  the  safety  dogjs.  It  can  be  readily  seen  that  with  an 
uppliance  of  this  kind,  the  cage  would  have  to  descend  quite  a 
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distance  before  its  sptvd  would  increase  sufficiently  beyond  the 
normal  to  actuate  the  governor,  and  for  this  reason  the  style  of 
safety  dog  described  above,  which  was  the  first  form  intro<luced, 
was  very  objectionHble,  on  account  of  its  sudden  stopping  of  the 
cage  at  the  high  s{)eed  it  had  attained  by  the  time  the  dogs  were 
thrown  in.  Therefore  a  modification  of  it  was  introduced  in  the 
form  of  a  chisel,  which,  instead  of  catching  into  the  guide  strip 
as  suddenly  as  the  eccentric  dog,  would  plane  it  out  for  quite  a 
length,  only  entering  deeper  after  the  car  had  descended  some 
little  distance  and  thereby  bringing  the  cage  to  a  more  gradual 
stop. 

The  form  of  safety  governor  described  above  is  the  one  now 
in  general  use;  the  earliest  form,  however,  differed  slightly  from 
it,  being  a  governor  having  arms  with  balls  on  the  ends,  and  re- 
volving horizontally.  The  same  method  of  driving  it,  however, 
was  used,  e^c^^pt  that  this  governor  was  placed  on  the  cross  beam 
of  the  cage  and  threw  the  safety  directly  itself. 

A  still  earlier  form  of  this  type  of  governor  was  used  at  the 
top  of  the  hatchway,  many  years  ago,  but  not  driven  by  a  rope. 
In  the  case  here  referred  to,  drums  were  used  at  the  top  of  the 
hatchway,  and  separate  cables  from  the  hoisting  engine  were  run 
directly  to  the  drum  overhead,  terminating  there.  Other  cables 
were  run  from  that  drum  down  to  the  cage,  so  that  there  was  a 
constant  windintr  of  one  set  of  cables  on  the  drum  and  unwinding 
of  the  others,  according  to  the  direction  the  elevator  was  going. 
This  drum  had  on  its  axis  a  tjear  wheel,  which  drove  the  trovernor, 
and  the  governor,  in  that  case  released  a  very  heavy  weight  placed 
on  the  end  of  the  lever.  The  dropping  of  the  weight  applied  a 
powerful  brake  to  the  rim  t)f  the  drum.  This  style  of  governor 
is  not  much  used  at  the  present  time. 

With  the  introduction  of  higher  speeds  in  elevators  a  guide 
post  and  guide  combined  in  one,  and  made  entirely  of  steel,  was 
devised  and  used,  and  it  is  in  use  to-day  with  all  the  high-class 
elevators;  but  its  introduction,  while  giving  greater  smoothness  of 
operation  and  offering  many  advantages  that  the  wooden  guide 
did  not  possess  (that  of  remaining  in  alignment  and  consequently 
giving  smoother  action  being  the  principal  one),  caused  the  neces- 
sity for  a  different  form  of  safety  than  the  eccentric  or  chisel  dogs. 
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l>efore  described,  which  were  not  applicable  to  this  form  of  guide, 
hence  a  new  device  had  to  be  introdnced.  This  was  in  the  form 
of  a  powerful  pair  of  nippers  placed  below  the  car,  one  on  each 
side.     The  inner  ends  of  these  nippers  on  being  forced  outward, 


Fig.  27.    Safeties  for  Steel  Guides. 

caused  the  jaws  of  same  to  grip  the  steel  guides  with  tremendous 
force,  but  the  means  of  applying  them  being  gradual  they  did 
not  stop  the  cage  suddenly  but  allowed  it  to  slide  several  feet, 
bringing  it  gradually  to  a  stand. 

The  form  of  governor  used  to  actuate  these  safeties  is  similar 
to  that  described  above.  The  pulling  of  the  governor  rope  causes 
the  release  of  a  very  powerful  coil  spring  under  the  car,  which 
forces  the  dogs  into  action.  There  are  several  forms  of  this  de- 
vice, none  of  them  differing  materially,  except  in  the  method  of 
applying  the  power  to  grip  the  guides,  one  or  two  of  them  dis- 
{lensing  with  the  coil  spring,  before  mentioned,  and  using  a 
powerful  screw  and  knee  joint.  The  screw  is  operated  by  the  end 
of  the  governor  rope,  which  is  coiled  several  times  around  a  spool 
or  Iwirrel  on  the  Ixxiy  of  the  screw.  The  governor  rope  is  gripped 
by  the  governor,  and  the  descent  of  the  car  uncoils  the  governor 
rope  off  the  spool,  which  is  made  to  revolve,  and,  being  attached 
to  the  screw,  causes  it  to  revolve.  This  action  causes  the  knee 
joints  to  force  the  long  end  of  the  nippers  apart,  the  short  ends 
gripping  the  guides  powerfully. 

Another  point  in  which  the  elevator  differs  from  the  horizon- 
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tal  railway  is  that  in  moving  a  load  on  an  elevator  the  force  of 
gravity  has  to  be  overcome  as  well  as  that  of  inertia.  Hence,  it 
is  found  to  be  economical  to  counterbalance  the  cage,  and  for  that 
reason  slides  very  similar  to  those  on  which  the  cage  travels,  but 
lighter  in  construction,  have  to  be  provided,  in  which  a  counter- 
poise weight  travels.  Sometimes  more  than  one  of  these  counter- 
balance weights  are  used,  in  some  cases  running  in  separate  slides, 
in  others,  varying  with  the  conditions,  with  each  weight  having  a 
slide  to  itself. 

When  a  counterbalance  weight  is  used,  which  is  attached 
directly  to  the  cage,  it  can  never  be  as  heavy  as  the  empty  cage 
by  several  hundred  pounds,  depending  largely  upon  the  height  of 
the  building  and  the  number  of  cables  attached,  for  when  the  cage 
is  at  the  top  of  the  run,  these  cables  hang  over  on  the  opposite 
side  of  the  sheaves  and  have  the  effect  of  further  counterbalancing 
the  cage.  The  weight  of  the  cage  itself  must  therefore  be  greater 
than  the  combined  weight  of  these  cables  and  the  counterbalance 
weight,  otherwise,  the  cage  would  not  descend  when  empty. 
When  it  becomes  necessary  to  have  the  counterbalance  weight 
fully  as  heavy  as  the  empty  cage,  or,  as  occurs  in  many  instances, 
it  is  required  to  be  greater  than  the  cage,  this  counterbalance 
weight  has  to  be  attached  by  means  of  cables  running  over  sheaves 
at  the  top  of  hatchway  to  the  opposite  or  back  side  of  the  hoisting 
drum.  Where  a  cage  is  large  and  consequently  quite  heavy,  the 
attaching  of  a  counterpoise  to  the  cage  itself,  as  well  as  to  the  rear 
side  of  the  hoisting  drums,  is  done  as  a  means  of  relieving  the 
hoisting  cables  of  a  part  of  the  weight  they  have  to  carry,  and 
this  adds  to  their  durability  and  safety. 

In  the  case  of  the  electric  elevator  the  over-counterbalancinof 
of  the  cage  is  found  to  be  quite  economical  in  this  way.  An  esti- 
mate is  made  of  the  average  load  which  the  elevator  has  to  life  in 
its  daily  service,  and  it  is  over-counterbalanced  to  about  this 
amount,  the  result  being  that,  with  the  average  load,  the  only  jK)wer 
to  be  exerted  in  moving  it  will  be  that  necessary  on  account  of 
the  friction  of  the  machinery.  For  instance,  it  may  be  estimated 
that  the  average  load  of  the  elevator  will  be  500  or  600  pounds, 
although  it  is  built  to  lift  say  2,000  pounds.     If  it  is  overweighted 
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this  amount,  it  will  be  on  a  balance  with  the  average  load,  and  the 
amount  of  power  required  to  move  it  will  be  a  minimum. 

This  arrangement  is  found  to  give  very  good  results  as  to 
eionoiiiy  in  oj»eration,  but  of  course  in  order  to  get  the  very  best 
ivenlts  the  cage  should  be  built  as  light  as  possible  commensurate 
with  the  requisite  strength  and  stability;  for  if  the  cage  is  made 
nnuewssarily  heavy  and  it  has  to  be  counterbalanced  equivalent  to 
it3  weight,  there  is  that  much  heavier  body  of  material  to  start  and 
stop  each  time  the  elevator  is  operated,  and  there  is  that  much 
gniiter  inertia  to  overcome,  which  consumes  power.  The  neces- 
sity, therefore,  of  building  everything  as  light  as  possible  will  be 
rtadily  seen. 

Where  two  counterbalance  weights  are  used  running  in  one 
slide,  it  should  be  an  invariable  rule  to  place  the  heavier  weight, 
^tich  is  always  that  one  attached  to  the  rear  side  of  hoisting 
drum,  l)elow  the  one  attached  directly  to  the  cage,  for  there  is  a 
liability  at  times  of  counterbalance  weight  cables  breaking,  the 
same  as  there  is  with  hoisting  cables.  Should  this  occur  with  the 
dniin  or  heavier  weight  above  the  cage  weight,  the  consequences 
^ould  be  disastrous,  for  combined  they  would  weigh  considerably 
^'ore  than  the  cage,  and  in  falling  would  rush  it  upwards  to  the 
^opof  the  hatchway  at  a  great  speed,  provided  of  course  that  the 
rallies  i>y  which  the  car  weight  was  attached  did  not  give  way. 
>Miere  the  cables  of  the  lower  weight  pass  the  upper  weight, 
^"6  latter  is  usually  slotted  throughout  its  whole  length  to  allow 
^^•^ir  mssatre. 

The  best  form  of  counterbalance  weights  used  at  the  present 
tiine  in  elevators  is  made  in  sections  so  as  to  be  readily  changed 
^f  a<]jnsted  when  desired.  They  consist  of  a  head  and  bottom 
^^ight,  which  are  usually  provided  w^th  suitable  guide  shoes  to 
•^n  on  the  slides,  and  between  them  are  shorter  weights,  w^hich  do 
°^t  touch  the  guide,  and  which  are  called  subweights.  The  whole 
^^niber  of  weights  are  held  together  by  means  of  strong  iron  rods 
^^th  double  nuts  at  either  end.  These  pass  through  holes  cast  in 
the  npj)er  and  lower  sections  of  the  weight,  and  the  intermediate 
^^  subweights  are  held  in  position  on  these  rods  by  means  of 
pooves  in  their  ends,  which  fit  over  the  rods,  the  whole  being 
t^Iainped  tc^ther  firmly  by  means  of  the  nuts   just  mentioned. 
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Sometimes,  where  the  counterbalance  weight  is  necessarily  very 
long,  a  middle  weight  with  guides  on  it  is  inserted,  through  which 
the  rods  holding  in  the  subweights  pass,  thus  giving  it  greater 
rigidity  and  safety. 

A  very  important  part  of  the  elevator  is  the  overhead  sheaves 
and  bearings.  In  the  earlier  forms  of  elevators,  these  bearings 
were  set  on  wooden  beams  overhead,  passing  across  the  hatchway 
in  the  proper  direction  to  let  the  cables  drop  where  required.  In 
later  years,  however,  general  practice  seems  to  lean  to  the  use  of 
steel  I-beams  for  this  purpose,  and  they  are  certainly  much  safer 
in  case  of  a  fire  occurring  in  the  building.  It  frequently  happens 
in  case  of  a  fire  that  the  elevator  is  one  of  the  princi{)al  means  for 
getting  people  out  of  the  building,  and  where  these  beams  are  of 
steel  there  is  no  doubt  as  to  their  greater  safety  under  such  condi- 
tions. The  sheaves  should  always  be  as  large  as  can  possibly  be 
used  under  the  circumstances, — never  less  in  diameter  than  the 
drum  around  which  the  cables  wind — and  the  rule  usually  adopted 
is  that  the  sheave  should  be  at  least  40  times  the  diameter  of  the 
cable  which  is  to  run  over  it,  and  as  much  larger  than  that  as  the 
conditions  will  permit.  It  is  also  very  important  that  the  score 
of  these  sheaves  should  fit  the  cable  very  well,  otherwise,  with 
heavy  loads  the  latter  becomes  distorted,  and  even  under  the  best 
conditions  the  wear  of  the  cable  will  be  rapid  unless  lubricated. 
P'or  this  purpose,  there  is  nothing  better  than  raw  linsee<l  oil  ap- 
[)lied  with  a  brush,  and  it  is  very  much  improved  in  usefulness  if 
a  small  quantity  of  the  finer  quality  of  plumbago  be  mixed  with  it. 
This  material  when  unrefined  is  full  of  grit,  and  is  put  on  the 
market  in  this  condition  for  use  as  facing  for  moldings  in  foun- 
dries. It  is  very  essential  that  this  kind  be  not  used,  for  the  pres- 
ence of  the  grit  will  have  exactly  the  oppposite  effect  to  that  in- 
tended. After  the  plumbago  has  been  carefully  freed  of  all  the 
grit  it  contains,  it  is  a  very  good  lubricant  and  in  this  condition  it 
is  very  serviceable,  both  for  the  purpose  just  described  and,  in  con- 
nection with  greare,  for  the  slides. 

CABLES 

Should   the  wires  of  the  cables  used  in   hoisting  be  rnn  per- 
fect^'T  parallel  to  one  another,  they  would   not  only  last  longer  but 
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tliey  conld  l)e  subjected  with  safety  to  a  much  greater  strain,  but 
5  that  is  found  to  be  impracticable  with  running  ropes,  hence  they 

i  have  to  l)e  twisted,  first  in  strands  of  19  wires  each,  then  six  of 
*  tliese  strands  are  twisted  together  around  a  center  or  heart  made 
of  hemp.  The  objwt  of  this  arrangement  is  that  in  working  over 
the  sheaves  the  wires  may  rub  on  something  softer  than  them- 
selves and  not  abraid,  for  the  parts  of  a  hoisting  cable  when  in 
«^e  uiidertro  n.any  changes  in  position.  For  instance,  when  pass- 
ing up  the  hatchway,  the  parts  remain  normal  or  as  they  were 
whfn  made  up.  but  when  tliey  come  to  the  sheave  the  strands 
necessarily  change  positions  slightly,  being  bent  in  a  circle,  and 
nfter  passing  over  the  sheave  and  down  on  the  other  side  they 
chantre  again  to  nearly  the  original  position.  As  they  are  twisted 
around  one  another,  different  parts  of  the  same  cable  change  their 
relative  positions  quite  frequently,  for  their  very  shape — being  spi- 
J^lly  wound  around  one  another — causes  them  to  roll  slightly  in  the 
ifrooves  of  the  sheave,  and  they  do  not  always  fall  into  exactly  the 
=^aine  position  when  they  return.  Hence,  the  absolute  necessity 
wsoine  sort  of  lubrication.  This  change  of  position  or  twisting 
•^f  the  cables  has  made  it  advisable  in  cases  where  a  large  number 
"f  <^al)Ies  are  used  together  (say  for  instance  four  or  six  cables  run- 
uiuiT  over  one  sheave)  to  use  them  alternately  of  right  and  left 
«and  lay,  the  meaning  of  which  is  that  some  cables  are  twisted 
''^/jht-handed  and  others  left-handed,  and  by  using  them  alter- 
'^att?ly  ill  this  way  they  serve  to  correct  the  action  of  each  other 
*'id  prevent  many  minor  troubles  that  will  occur  when  laid  up 
«Jike: 

The  scope  of  this  article  will  not  permit  going  into  details 
^•utive  to  the  proper  fastening  of  the  cables,  which  is  a  very  im- 
'**^*"tant  feature,  but  which  is  really  in  the  hands  of  the  elevator 
^'^jstructor,  and  with  which  the  attendant  has  little  to  do. 

The   journals  of   the  gudgeons   or  shafts   upon  which    the 

'^  **^ave8  revolve  should  always  be  of  soft  strong  steel  and  of  ample 

*^ meter,  and  the  boxes  in  which  they  run  should  be  lined  with  a 

^*^y  good  quality  of  babbitt,  and  should  be  provided  with  good 

^*  ■•Heating  facilities.     They  are  parts  of  the  elevator  that   are 

^^f^lected  perhaps  more  than  any  other.     Being  at  the   highest 

*^int  and  out  of  the  way,  they  are  very  seldom  noticed,  but  at  the 
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same  time  too  much  emphasis  cannot  be  placed  npon  the  absolute 
necessity  for  properly  attending  to  this  important  feature  of  the 
machine. 

The  operating  cable,  owing  to  the  impossibility  of  following 
the  rule  laid  down  for  the  hoist  cables  regarding  the  diameters  of 
sheaves,  is  usual  to  make  of  a  much  finer  wire,  and  the  number 
of  wires  to  a  strand  is  also  greater.  It  is  usually  that  kind  of 
wire  rope  which  is  termed  tiller  rope,  and  is  soft  and  flexible. 
The  diameter  is  almost  invariably  ^  inch,  except  in  cases  where 
the  lever  device  is  used,  when  the  necessity  for  a  rope  of  that  size 
does  not  exist.  The  J-inch  diameter  is  used  principally  because 
it  is  convenient  for  the  hand,  and  it  is  seldom  that  a  larger  sheave 
than  12  inches  is  found  practicable,  but  in  any  case,  whether  for 
hand  cables  or  hoisting  cables,  iron  ropes  should  always  be  used. 
It  is  true  that  a  steel  rope  has  a  greater  tensile  strength,  but  the 
bending  over  the  sheaves  causes  it  to  crystallize  much  more  rapidly 
than  an  iron  rope  does,  and  it  will  consequently  commence  to 
crack  sooner.  The  very  best  iron  for  this  purpose  is  either  Swed- 
ish or  charcoal  iron,  which  are  very  nearly  pure,  exceedingly  duc- 
tile, and  will  stand  the  bending  and  straightening  for  a  much 
greater  length  of  time  than  a  steel  rope. 

Wire  cables  have,  in  some  instances,  been  known  to  run  with- 
out fracture  for  eight,  ten,  and  even  twelve  years,  but  there  are 
very  few  in  constant  use  that  last  more  than  three  or  four  years. 
Some  do  not  last  longer  than  two  years  where  subjected  to  con- 
stant and  severe  service,  and  in  any  case  they  should,  on  general 
principles,  even  if  showing  no  outward  signs  of  deterioration,  be 
changed  for  new  ones  at  the  end  of  five  years,  under  the  most 
favorable  circumstances.  Cracking  occurs  very  gradually  and  can 
readily  be  detected  long  before  it  actually  occurs  by  the  exterior 
appearance  of  the  rope,  but  there  are  many  cases  where  ropes 
crack  inside  before  they  do  on  the  outside,  and  this  can  only  be 
discovered  by  getting  the  rope  entirely  slack  and  slightly  untwist- 
ing it  so  that  an  examination  of  the  interior  can  be  made.  Hold- 
ing one's  hand  gently  on  the  rope  while  it  is  running  will  fre- 
quently detect  a  cracked  wire  if  it  be  on  the  outside,  but  an  ex- 
amination of  this  kind  must  be  carefully  made  to  be  of  any  serv- 
ice. 
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In  regard  to  sheaves,  sometimes  an  arm  will  crack  through 
an  undue  shrinkage  strain  brought  about  possibly  in  some  cases 
by  disproportion  in  the  design,  or  by  unequal  cooling  in  the  foundry. 
In  such  cases  the  crack  usually  opens  quite  wide,  but  where  it 
occurs  from  undue  shock  or  jar,  the  fracture  may  occur  and  re- 
main closed,  so  that  it  is  not  detected.     Still  the  sheave  is  unsafe. 
Usually  this  can   be  perceived  by  care  on  the  part  of  those  in 
charge,  for  when  the  arm  containing    the  fracture  is  in  such  a 
position  that  it  is  not  subjected  to  the  strain  of  the  cable  running 
over  it,  the  crack,  however  minute,  will  open  slightly,  and  it  is 
liable  to  absorb  or  take  in  a  minute  portion  of  the  oil  which  is 
generally  on  the  sheave  and  which   runs  down  from  the  journal 
wxes.    This  arm  when  it  comes  around  to  that  point  where  it  is 
siibjected  to  compressive  strain  will  force  the  oil  out  of  the  frac- 
^IB  in  the  form  of  a  small  line  projecting  above  the  surface  of  the 
sheave.    It  requires  a  sharp  eye  to  detect  this,  but  it  can  be  seen 
^*th  care,  and  many  a  possible  accident  has  been  avoided  by  the 
^CQteness  of  the  attendant  in  this  respect.     It  is  here  mentioned 
*oi*  the  benefit  of  those  readers  who  may  be  in  charge  of  elevators. 

AIR  CUSHIONS 

About  1878  Mr.  Gray,  of  Cincinnati,  conceived  the  idea  of  an 

**'"  cushion  as  an  extra  means  of  safety  for  elevators,  and  obtained 

^^  first  patent  for  a  device  of  this  kind.     The  air  cushion  con- 

^^Qte  of  an  extension  of  the  hatchway  below  the  lower  landing,  and 

^  In  the  form  of  a  strongly  enclosed  air-tight  chamber  open  only 

^^othe  hatchway  above.     The  guide  posts  are  run  down  into  this 

^^tchway  and  the  cage  is  made  to  fit  it  rather  closely.     This  is 

Usually  done  by  fastening  strips  of  thick  rubber  or  leather  below 

'^^  floor  of  the  cage,  and  allowing  them  to  project  to  within  about 

*  *^ch  of  the  sides  of  the  air  cushion.     Now  in  case  the  cage  should 

''^^k  loose  from  the  cables,  it  will  descend  until,  having  entered 

^*8  chamber  a  certain  distance,  the  air  contained  within  the  cham- 

^^  is  compressed  sufficiently  to  resist  the  further  descent  of  the 

^^'^.    At  this  point  it  begins  to  escape  through  the  margin  left 

'^l  Ground  the  aides  and  the  speed  of  the  cage's  descent  is  retarded 

^^til  it  sinks  gradually  to  the  bottom  of  the  chamber  without 

^^k  or  jar. 


ELETAlTMtS 


I  tbe  ta^  for  the  weaping  of  air  »  a 
^^^0"  ■^■w  ■•  *•  ■asBBM  of  ifaU  deriw.  Many  emn 
*■"  ™  ^^"  rf  *fc*  ^afier  fcrau  of  ihU  device,  owing  to 
tmam*  aat  hng  w«fl  udetMood,  for  il  is  ^mXe  poasihl... 
**••*■•  ^"fcrf  i»  dowjj.  to  !lu|>  ilip  aigi<  violontlr;  in 
■■  *B  b*  A*  «flect  if  i&e  air  U  aat  allowed  to  t>6Capf.  On 
lfa«  haa'.  if  Mo  nd>  ■  nafgin  ii  left,  the  effect  dv^in-d  will 
i^k-  Gmat  «■«  fcaa  la  b»  pu-rcised  tn  liave  the  tlgiinWr 
■g  *•  ■■■  «■*•"  •»  ligjit,  etroop  enougli  to  reeiat  ihe 
■  tfat  «■  hp  laH%hl  bo  fcmr  opon  it,  dwp  enough  to  enable 
m  m  aiae  a*  a  Mip  gradinltr,  and  to  have  the  air  flpao? 
J  A*car  JMt  fii^  to  aUow  ibe  air  to  fs<^(ie  lo  saflicient 
!«eK  •  Aaek,  *ai  M  tlie  Eame  time  Dot  fast  enougii 
k  alav  Ar  aria  4nf  torn  qatcUj  after  it  enters. 

1W  msmai  depth  af  ^  air  aubion  ia  abont  8  or  9  faet  and 
fc»  ifciL  v  ■■cfia  Icll  be*w«a>  ibe  cap  and  sides  of  air  coahioa 
*  boa  {  to  I  tacL  Sooe  BodifiatKuia  am  aso&llj-  made  afu>r 
I  bj  Snipping  tbe  cag?  from  a  moderate  height 
»  allowing  il  to.drop  the  fall  extent  of  tbe 
T^m  m  aa  iiijmiiiaiiil  that  sboatd  oot  be  perforated  bj  in- 
i.  far  acrtdents  bare  freqaeotlv  happened  even 
I  ibonMgUj  expeiwoonl  in  the  business. 


A?;  Of.  Lr*"?X    AND 


CONSTRUCTION  OF  BOILERS. 


A  steam  boUer,  or  steam  generator,  consists  of  a  vessel  tc 
contain  the  water  and  the  steam  after  it  is  formed ;  a  fire-box  to 
coutjdn  the  fire  ;  tubes,  flues  and  uptake  to  transmit  heat  and  con- 
duct the  hot  gases  from  the  fire  to  the  chimney,  and  various  fittings 
to  facilitate  the  safe  and  economical  operation.  Boilers  are  often 
claasified  according  to  their  uses  and  conditions ;  thus  we  have 
stationary,  marine  and  locomotive  boilers.  Boilers  having  a  shell 
partially  filled  with  tubes,  through  which  the  hot  gases  pass,  are 
called  tubular,  fire- tube  ©r  shell  boilers;  and  those  liaving  a  large 
flue  in  which  is  placed  the  fire,  are  called  flue  boilers.  If  the  tubes 
are  filled  with  water  and  the  hot  gases  are  outside,  the  boiler  is 
called  a  water-tube  boiler. 

Steam  boilers  are  made  in  a  variety  of  shapes,  according  to 
^6  type,  uses  and  conditions.  Let  us  first  consider  boiler  con- 
struction in  general,  leaving  out  the  peculiarities  of  marine,  loco- 
nwtive  and  water-tube  boilers. 

MATERIALS. 

The  materials  of  which  boilers  are  constructed  are  exposed 
^conditions  which  weaken  them  and  shorten  the  life  of  the  boiler. 
Among  these  conditions  are  corrosion,  both  external  and  internal, 
'^^Sh  pressure,  and  expansion  and  contraction,  due  to  varying  tem- 
P^^ture  and  pressure. 

Cast  iron  was  the  material  of  which  the  earliest  forms  of 
iXiilers  were  made,  but  on  account  of  its  low  tensile  strength  and  its 
^^reliable  nature,  it  is  now  but  little  used,  except  for  parts  of  water- 
^^^  k)ilers,  and  sometimes  for  the  ends  of  low-pressure  cylin- 
^^^*al  bculers  and  for  fittings.  It  is  cheap  and  resists  coiTosion 
"^t  on  account  of  its  unreliability  and  brittleness,  the  parts  must 
^  niade  thick  and  therefore  heavy. 
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Wrotight  irofiy  up  to  about  1870,  was  the  principal  material 
used  for  boiler  plates.  It  is  a  pure  iron  prepared  from  pig  iron 
by  a  process  called  puddling,  described  in  "  Metallurgy."  Wrought 
iron  is  well  adapted  for  use  in  boiler  construction,  as  it  is  strong, 
tough  and  fibrous,  and  combines  high  tensile  strength  with  ductil- 
ity and  freedom  from  brittleness.  When  the  properties  mentioned 
are  well  combined,  wrought  iron  will  resist  strains  due  to  unequal 
expansion.  Boiler  fastenings,  stays  and  other  parts  made  by 
welding  are  sometimes  made  of  wrought  iron.  It  is  customary  to 
consider  that  a  bar  loses  about  one-quarter  of  its  strength  by  weld- 
ing, although  it  is  often  stronger  in  the  weld,  owing  to  the  working 
of  the  metal  during  the  welding  process. 

Steel  has  entirely  displaced  iron  for  boiler-shell  work.  Boiler 
steel  is  made  by  the  open-hearth  process,  and  contains  for  ordinary 
thickness  of  1  or  1^  inches  0.25  per  cent  carbon,  while  thinner, plates 
of  J  inch  should  not  contain  over  0.15  per  cent  carbon.  Larger 
percentages  of  carbon,  while  accompanied  by  an  increase  in  tensile 
strength,  lessen  the  ductility.  The  following  properties  show 
steel  to  be  the  best  boiler  material  at  present:  great  tensile 
strength,  ductility,  homogeneity,  toughness,  freedom  from  blisters 
and  internal  unsoundness.  Blisters  and  unsoundness  are  faults 
sometimes  met  with  in  wrought-iron  plates. 

Copper  in  many  respects  is  superior  to  wrought  iron  for  boiler 
construction.  It  is  homogeneous,  resists  oxidation  (the  corrosive 
action  of  most  feed  waters)  and  incrustation.  It  is  more  ductile 
and  malleable  and  a  better  conductor  of  heat,  which  not  only  gives 
it  a  higher  evaporative  power,  but  also  enables  it  to  last  longer 
under  the  intense  heat  of  the  furnace.  Its  disadvantages  are  its 
low  tensile  strength,  about  30,000  pounds  per  square  inch,  and  its 
decrease  of  strength  with  an  increase  of  temperature.  In  heating 
from  the  freezing  point  to  the  boiling  point  it  loses  5  per  cent  of 
its  strength,  and  at  550°  F.  it  loses  about  one-quarter  of  its  strength. 
For  these  reasons  and  on  account  of  its  high  price,  it  is  now  seldom 
used  in  boiler  work. 

Brass  is  an  alloy  of  copper  and  zinc  in  which  the  proportions 
of  each  vary  considerably.  The  red  color  comes  from  a  larger  per 
cent  of  copper.  Red  brass  is  better  and  more  expensive  than  yel- 
low brass.     Brass  is  used  for  valves,  gauges  and  other  fittings. 


crms^v&mmf  of  sottms. 


^niueii  on  alloy  of  copper  and  tin,  and  ia  advantageously  used 
'Or  tajves  and  seats  of  safety  valves  where  the  wear  ia  great 


TESTING   MATERIALS. 


Id  unliT  lu  ilch.*miii*e  the  Btrength  and  the  other  qnalitiea  of 
Iw  natefialif.  BpHciiniMis  are  tested.     Tlif  results  of  these  t^^sts 
l^i!  lhi<  ultimate  tensile  strength,  elaBti<.-  limit,  cuiitractioii  of  area 
elungation. 
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The  simplest  way  to  test  a  piece  of  iron  bar  or  plate  would 
be  to  fix  it  firmly  at  the  upper  end  and  hang  weights  on  the  other 
end,  adding  other  weights  until  the  bar  is  broken.  Tliis  is  but  a 
crude  method,  and  in  order  that  the  elastic  limit  and  elongation 
may  be  determined  at  the  same  time,  testing  machines  are  used. 
There  is  a  large  variety  of  testing  machines,  adapted  for  various 
materials,  but  the  general  principles  are  the  same. 

Testins^  Machines.  The  testing  machine  consists  of  a  frame 
and  two  heads,  to  which  the  ends  of  the  test  piece  are  fastened  hy 
wedges  or  other  devices.  By  means  of  steam  or  hydraulic  powt^r 
one  head  is  drawn  away  from  the  other  for  tensile  tests.  The  pull 
is  transmitted  to  some  weighing  device,  usually  levers  and  knife 
edges  like  the  beam  of  ordinary  platform  scales.  In  small  machines 
the  pull  may  be  applied  by  a  lever. 
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Testing  machines  are  made  for  all  varieties  of  testing:  tensile, 
compressive  and  shearing  stresses.  Also  for  deflection  of  l^eams 
and  for  strencjtli  of  wood,  ceiiient,  brick  and  stone.  Fit;.  1  shows 
an  Olsen  testing  inachino  (lesi(jntMl  for  tensile  and  coninressivc* 
tests  of  iron  and  steel. 

In  order  to  test  materials,  test  picet^s  or  sj)eeiniens  are  j)n*- 
pared.  For  testinji;  iron  j)Iate  tlie  test  j)iece  should  be  at  least  1 
inch  wide,  al)OUt  ti  feet  loner  and  ])laned  on  l)()th  edges.  Many 
engineers  recommend  these  dimensions.  According  to  the  Board 
of  Supervising  Inspectors  of  Steam  Vessels,  the  test  piece  should 
be  10  inches  long,  2  inches  wide  and  cut  out  at  the  center. 

To  ascertain  the  tensile  strength  and  other  qualities  of  steel, 
a  test  piece  should  be  tak(m  from  each  })late.  These  test  pieces 
are  made  in  the  form  as  wliown  in  Fig.  2.     The  straight  part  in 
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vlie  center  is  9  inches  long  and  1  inch  wide ;  and  to  determine 

elongation  it  is  marked  with  light  prickpunch  marks  at  distances 

1  inch  apart,  the  marked  space  being  8  inches  in  length.     The 

ends  are  1 J  inches  to  2  inches  broad  and  3  inches  to  6  inches  long. 

As  has  been  explained  in  "  Mechanics,"  the  force  necessary  to 

break  the  piece  is  the  proportionate  part  of  tlie  tensile*  strength 

per  square  inch.     Thus  if  the  test  piece  having  a  reduced  section 

of  .4  square  inch  is  broken  at  19,200  pounds,  the  tensile  strength 

19  200 
of  the  plate  is  — !.^ —  =  48,000  pounds  per  square  inch. 

EXAMPLES   FOR  PRACTICE. 

1.  If  a  piece  of  boiler  plate  breaks  at  33,500  pounds  and  the 
reduced  section  is  l^  inches  by  ^  inch,  what  is  the  ultimate  ten- 
sile strength? 

Ans.  59,555  pounds. 

2.  A  boiler  plate  is  claimed  to  bo  of  04,000  pounds  tensile 
strength.  If  the  section  is  1  incli  wide  and  .63  inch  thick,  what 
should  be  the  reading  of  the  testing  machine  when  the  specimen 
breaks? 

Ans.  40,320  pounds. 

3.  A  test  piece  of  the  form  shown  in  Fig.  2  measured  8 
inches  between  the  prickpunch  marks  before  testing  and  9.56 
inches  after  testing.     What  was  the  per  cent  of  elongation  ? 

Ans.  191  per  cent. 

4.  If  the  area  of  section  before  breaking  Is  .4825  square  inch 
and  after  breaking  is  .236  square  inch,  what  is  the  per  cent  of 
reduced  area? 

Ans.  51  per  cent. 

5TRBNQTH  OF  BOILER  HATERIALS. 

The  crushing  strength  of  cast  iron  is  high,  varying  from 
50,000  to  75,000  pounds  per  square  inch ;  its  tensile  strength  is 
low,  varying  with  the  chemical  and  physical  properties  of  the  iron 
from  about  15,000  to  22,000  pounds  per  sqr.are  incli. 

Wrought-iron  plates  having  a  tensile  strength  of  from  50,000 
to'60,000  pounds,  with  an  elongation  or  ductility  of  from  20  ])er 
CjBi^t  to  30  per  cent^  are  suitable  for  boiler  work.    Boiler  iron  may  be 
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tested  in  the  following  ways  if  testing  machines  are  not  available : 
Cut  from  the  plate  a  strip  about  2  inches  wide  and  bend  it  cold, 
down  upon  itself ;  if  it  shows  no  fracture  on  the  outside  curve,  it  is 
satisfactor}\  This  is,  however,  a  severe  test,  and  only  the  best 
flange  iron  will  stand  it;  on  the  other  hand,  any  iron  which,  when 
heated  to  *a  cherry  red  and  bent,  shows  cracks  or  fracture  on  the 
outer  cui-ve,  is  unfit  for  use  in  toiler  construction.  When  wrought 
iron  was  used  for  boiler  plates  it  was  customary  to  give  the  plate 
what  is  called  the  hammer  test.  The  plate  was  suspended  clear 
of  the  ground  and  struck  with  a  hammer  at  intervals  of  three  or 
four  inches  over  its  surface ;  a  clear,  ringing  tone  indicating  a  sound 
plate,  while  a  dull  sound  indicated  with  fair  certainty  a  defect  such 
as  internal  unsoundness. 

Mild  steel  has  a  tensile  strength  of  from  55,000  to  65,000 
pounds  per  square  inch,  witli  ai^  elongation  of  25  per  cent.  A  test 
piece  cut  from  a  plate  |  inch  thick  or  less  should  stand  bend- 
ing double,  when  hot  or  cold,  and  not  show  any  cracks  ;  thicker 
plates  should  be  capable  of  being  bent  at  a  small  radius  to  a  large 
angle  without  showing  any  cracks.  Steel  should  never  be  worked 
at  a  blue  heat,  as  in  this  state  it  is  very  brittle.  It  is  also  median- 
ically  tested  by  being  lieated  to  a  cherry  red,  quenched  in  water  at 
82°  F.  then  bent  in  a  curve  of  small  radius;  if  it  cracks,  it  has 
become  tempered,  and  it  is  therefore  unsuitable  for  this  work.  If 
the  tensile  strengtii  of  the  steel  is  under  70,000  pounds  per 
square  inch,  it  is  sufficiently  tough  and  ductile  and  can  be  easily 
worked. 

In  general,  boiler  materials  are  carefully  tested  for  the 
following  qualities : 

Tensile  ;strength,  to  resist  rupturing  strains.  Also  in  order 
that  the  plates  may  be  thin. 

Toughness  and  elasticity,  to  resist  corrosion  and  the  wear  and 
tear  of  manufacture. 

Ductility,  so  that  the  boiler  may  change  its  shape  slightly 
without  rupture.     This  is  a  more  important  quality. 

BOILER  CONSTRUCTION   IN   DETAIL. 

The  drawing  or  design  of  the  boiler  is  worked  out  in  the 
draughting  room,  as  explained  later  under  the  head  of  Boiler  Design. 


9d4 
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Tie  (Irauglit  shows  the  general  arrangement  of  the  boiler,  together 
witii  complete  deUiil  drawings,  from  which  the  materials  are 
ordtred.  These  materials  are  plates,  rods  for  stays,  rivets,  stay 
bolu,  tubes,  steel  bars,  angles  and  channel  bars  for  stiffening,  ete. 
In  some  boiler  shops  it  is  customary  to  lay  the  boiler  out  on 
t  large  blackboard  full  size,  thereby  checking  the  drawing.  In 
ordering  plates  the  blank  forms  are  filled  out  in  the  following 
manner: 

Slmr9.John  Blank  ^  Co: 

Please  furnish  us  with  the  following  Steel  Plates,  Ultimate 
Tensile  Strength,  GOjOOO  ;  lilongation,  25  per  cent  : 


Nnnber 
««Btcd. 


Thickness 


Dimenaions. 


Marks. 


6 


// 


90''X70 


// 


S  14 


Remarks. 


Shell 


The  dimension  which  runs  in  the  direction  the  plate  is  to  be 
^'^iit  is  given  first.  The  plates  are  marked  as  per  order  blank,  and 
"»'S  serves  to  identify  the  plate  when  the  occasion  arises.  When 
"f'^^riiig  any  oild  shape,  a  sketch  with  dimensions  must  be  placed 
^  ^lie  column  headed  '*  Remarks." 

In  ordering  plates,  allow  for  trimming,  particularly  in  the  case 
o' irregular  shapes.  Rivets  are  sold  by  the  poun<l,  n*i,Mr(lloss  of 
^'••^ir  shape  or  size.  Round  and  flat  iron  may  Ik;  onUnvd  by  the 
^"'i'lriing  f<>ot.  Manufacturers  publish  tables  showing  weight  of 
^'^^is,  round  iron,  etc.,  with  which  thcv  furnish  IxMlcr  makers. 

Boiler  shops  arc  equipped  with  the  following  tools:  plate  rolls, 

I'.aii.'  planers,  shears,  drill  presses,  punches,  countersinking  ma- 

^■' :i'.s.  ihtui^ing  machines,   hydraulic  and  steam  riveters,  and  a 

oa|iri;s<i-d-air  system  for  oper.iting  pneuniatie   machines,  such  as 

t'l.krrs  ariil  chippei"S.     They  also  have  machine  shops  for  doing 
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sucli  machine  work  tus  is  required  for  fittings,  furnace  fronts,  etc., 
and  a  system  of  cranes  for  handling  and  transpoi  ting  material. 
In  connection  with  the  above  is  a  storeroom  of  suflBcient  size,  a 
forge  shop,  and  an  engine  and  boiler  for  supplying  the  shop  with 
the  power  necessary  to  operate  it. 

In  boiler-shell  work  drilling  has  entirely  displaced  punching, 
and  to-day  all  holes  are  drilled.  Punching  is  cheaper  than  drill- 
ing, but  it  is  more  injurious  to  the  platen  and  not  as  accurate.  It 
is  easy  to  see  that  drilling  rivet  holes,  even  if  twenty  are  being 
drilled  at  once,  is  done  with  less  strain  on  the  plates  than  when 
done  by  a  multiple  punch  forcing  several  holes  at  once.  The  force 
required  to  punch  a  plate  gives  the  best  idea  of  the  harm  done 
to  the  plate.  Experiment  shows  that  the  resistance  of  a  plate  to 
punching  is  about  the  same  as  its  resistance  to  tensile  tearing. 
Suppose  this  to  be  50,000  pounds  per  square  inch  ;  tlien  the  force 
required  to  punch  the  plate  is  the  area  cut  out  times  the  shearing 
strength,  or  d  X 'rr  X  t  X  50,000. 

In  which  formula 

d  =  diameter  in  inches  and 
t  =z  thickneiss  in  inches. 

For  a  hole  |  inch  in  diameter  in  a  ^-inch  plate,  the  force 
will  be 

I  X  3.141  G  X  ;]  X  50,000  =  58,900  pounds. 

If  the  force  required  to  punch  one  hole  is  58,900  pounds,  the 
force  HMjuired  in  punching  sevenil  holes  by  means  of  a  multiple 
punch  is  enormous. 

A  good,  ductile  plate  is  but  little  injured  by  punching ;  but 
if  of  a  hard,  st^^ely  nature,  it  is  likely  to  be  seriously  injured.  For 
this  reason  wrought-iron  plates  are  usually  punched  and  steel 
phites  are  drilled.  On  the  whole,  a  drilled  plate  is  somewhat 
stronger  than  a  punched  plate  for  any  kind  of  joint. 

Some  boiler  makers  punch  the  riv^et  holes  slightly  smaller 
than  the  desired  size  and  then  ream  them  out.  By  this  process 
the  injured  metal  around  the  holes  is  cut  away.  Another  method 
to  overcome  the  injurious  effects  is  to  anneal  the  plate  after 
punching. 

The  ordinary  process  of  annealing  consists  of  heating  the 
plate  to  red  heat,  and  then  allowing  it  to  cool  slowly.     By  this 
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means,  hard  and  brittle  iron  or  steel   is   made   soft   and  tough. 
While  the  metal  is  hot,  the  surface  becomes  oxidized.     For  most 
purposes  this  scale  of  oxide  in  not  harmful,  but  in  some  cases  it 
roust  be  removed.     As  this  is  expensive,  a  process  of  annealing 
in  illuminating  gas  has  been  devised.     The  action  of  the  gas  is  to 
reduce  the  oxide  without  altering  the  properties  of  the  piece.     The 
results  obtained  from  annealing  depend  upon  the  kind  of  iron  or 
steel,  the  temperature  to  which  it  is  raised,  and  the  rate  of  cool- 
ing.   It  is  a  great  advantage  to  all  steel  of  over  64,000  pounds  per 
square  inch  in  tensile  strength,  but  softer  steels  are  little  better 
for  the  process. 


B 


C 

Pig.  3. 


After  the  shell  plates  are  planed  to  correct  shape  and  the 
Wes  drilled  or  punched,  they  are  put  through  the  bending  rolls 
*^bent  into  a  cylindrical  shape,  the  amount  of  curvature  being 
^^termined  by  a  template  made  for  the  purpose.  Plates  are 
***wally  sheared  to  size,  and  then  the  edges  planed  with  a  slight 
"^^d  to  facilitate  calking.  In  the  meantime  the  heads  are  being 
"*nged  by  a  hydraulic  flanging  machine;  when  the  Hange  is  com- 
pleted, the  head  is  put  on  the  platen  of  a  boring  mill  and  turned  so 
^  to  exactly  fit  into  the  shell.  In  some  shops  it  is  customary  to 
punch  or  drill  only  a  few  holes  in  the  shell  and  flange  of  the  head, 
t»^€»e  holes  serving  to  take  bolts  for  hoMing  the  parts  together, 
'loe  back  head  plate  is  bolted  into  the  rear  course  of  plating,  and 
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the  parts  thus  assembled  are  hoisted  up  to  drill  if  the  plates,  etc., 
have  not  been  previously  drilled  or  punched,  otherwise  to  the 
hydraulic  riveter. 

RIVETS  AND  RIVETINQ. 

Rivets  are  formed  by  forging,  from  round  iron  bar  or  mild 
steel,  with  a  cup  or  pan  shaped  head.  The  cylindrical  part,  called 
the  shank,  is  a  little  smaller  than  the  hole  and  has  a  slight  taper. 
Fig.  3  shows  common  forms  of  rivets.  As  rivets  are  not  as  reli- 
able in  tension  iis  in  shear,  they  are  used  mainly  at  right  angles  to 
the  straining  force.  If  the  stress  is  parallel  to  the  axis,  bolts  are 
used,  since  they  are  strong  in  tension.  The  shearing  strength  of 
steel  rivets  is  about  45,000  pounds  per  square  inch,  and  of  iron 
rivets  al)Out  40,000  pounds  per  square  inch.  Steel  rivets  are  often 
used  with  steel  plates,  but  many  .boiler  makers  prefer  to  use  iron 
rivets  in  all  cases. 

Three  types  of  rivets  in  use  are  shown  in  Fig.  4,  the  follow- 
ing table  giving  the  dimensions : 


Diameter 
of  Rivet. 

( 

Cone  Head 
A 

CountersuDlc. 
B 

Button  Head. 
C 

D 
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:i2 

1  <T 

lA 
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lA 

\i 
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!il 
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1  iV 

tV 
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i 

3 
4 

u 

U 

?,i 

n 

s 

n 

i 

liV 

U 

3 
4 

n 

/*r 

lA 

3 
4 

1 

ig- 

1  r, 

1  <r 

U 

H           h 

H      '     J 

Formerly  all  joints  of  boilers  were  riveted  by  hand,  but  now 
all  riveting  is  done  by  machines,  except  those  joints  to  which  a 
machine  cannot  be  applied.  If  done  by  hand,  the  red-hot  rivet  is 
inserted  in  the  hole,  and  the  second  head  formed  by  two  riveters 
working  with  hammers.  This  head  is  either  made  conical  by  the 
hammers  alone  or  finished  with  a  cup-shaped  die  called  a  *'  snap." 
This  latter  is  the  more  usual  method.  The  disadvantages  of  hand 
riveting  are  slowness  and  a  tendency  to  form  a  shoulder  before  the 
rivet  fills  the  hole. 
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Machine  riveting  is  preferable,  as  the  work  is  done  better, 
Caster  and  more  accurately  ;  the  pressure  coming  gradually  on  the 
entire  rivet,  compresses  it  completely  into  the  hole  before  the  head 
is  formed.  Before  riveting,  care  should  be  taken  that  the  plates 
are  close  together,  so  that  a  shoulder  will  not  be  formed  between 
the  i>lates  and  prevent  a  good  joint.  Rivets  should  always  be  put 
in  while  red  hot,  for  in  this  condition  they  are  more  easily  worked, 
mnd  when  they  cool  they  contract,  nipping  the  plates  together  in  a 
tight  joint. 

Hydraulic  riveting  is  more  gradual  and  is  generally  preferred 
to  steam  riveting.  The  pressure  from  the  steam  riveter  often 
ooxnes  as  a  sudden  blow  and  does  not  allow  time  for  the  rivet  to 
completely  fill  the  hole. 


;• 


-  0  — 
B 

Fig.  4. 
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It  is  sometimes  desirable  to  rivet  with  a  countersunk  head; 
that  is,  the  rivet  does  not  project  above  the  plate.  The  counter- 
SQnk  head  is  formed  by  hammering  down  tlie  end  of  the  rivet  into 
the  countersink  in  the  plate.  This  form  is  shown  at  D,  Fig.  3. 
This  joint  is  often  used  in  shipbuilding  and  in  boiler  making  wlien 
it  is  necessary  to  attach  mountings.  It  should  ahvays  be  avoided, 
if  j)os»ible,  on  account  of  its  wealcness,  and  especially  wlien  the 
straining  force  acts  in  the  direction  of  the  length  of  tlie  rivet,  as 
the  head  has  a  very  insecure  hold  and  is  likely  to  be  pulled  through 
the  hole. 

Rivets  may  be  tested  in  a  boiler  shop  as  follows  :  the  rivet  to 
be  bent  cold  in  the  form  of  a  hook  around  another  rivet  of  the 
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same  diameter,  and  show  no  flaws  or  cracks;  to  be  bent  hot 
down  upon  itself  and  show  no  cracks,  head  to  be  flattened  while 
hot  until  its  diameter  is  2^  times  the  diameter  of  the  shank,  and 
show  no  flaws. 

The  uniform  heating  of 
steel  rivets  is  of  more  im- 
portance than  in  the  case  of 
iron  rivets,  where  it  is  suffi- 
cient to  heat  the  points  only. 
Steel  rivets  also  should  not 
be  heated  to  a  white  heat,  as 
iron  rivets  are,  but  to  u 
bright  cherry  red,  for  if 
heated  beyond  this  point  they 
will  burn.  The  fire  in  which 
pj,^  13  steel  rivets  are  heated  should 

be  kept  thick,  and  the  draught 
moderate.  This  should  also  be  observed  in  heating  steel  plates 
for  flanging. 

There  are  various  forms  and  strengths  of  riveted  joints.      It 


#      ^      ^ 
S      0      ^      ^1 


Fi«:.  0. 


Fig.  7. 


is  obvious  that  in  [)uncliing  or  drilling,  a  plate  is  weakened  to  the 
extent  of  the  sectional  area  cut  out,  and  that  if  the  holes  are 
punched,  the  metal  between  the  holes  is  weakened.  In  treatincr 
the  strength  of  a  joint  it  is  customary  to  speak  of  it  as  a  percent- 
age of  the  strength  of  an  unpunched  plate. 

If  one  plate  overlaps  another  and  is  riveted  to  it  by  a  single 
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row  of  rivets,  as  shown  in  Fig.  5,  it  is  called  a  single-riveted  lap 
joint.  This  joint  has  about  66  per  cent  of  the  strength  of  a  solid 
plate.  If  another  row  of  rivets  is  added,  it  is  called  a  double- 
riveted  lap  joint;  Fig.  6  shows  the  double-riveted  lap  joint  chain 
riveted,  and  Fig.  7  the  double-riveted  lap  joint  zigzag  riveted. 
Double  riveting  is  done  in  two  ways :  zigzag,  or  staggered, 
and  chain.  When  rivets  are  put  in  so  that  the  rivets  of  one  row 
are  opposite  the  spaces  of  another  row,  it  is  called  zigzag  riveting 
or  staggered  riveting.  If  the  rivets  are  placed  immediately  oppo- 
site Ciich  other,  it  is  called  chain  riveting. 


^. 


Fig.   8. 


If  the  two  plates  are  kept  in  the  sarnie  plane  and  a  cover  or 
butt  strap  riveted  on,  it  is  called  butt  riveting  (Fig.  8,  in  which  A 
and  B  are  the  boiler  plates,  and  C  is  the  butt  strap).  If  an  inside 
butt  strap  is  added,  it  is  called  a  double  butt  joint  (Fig.  9).  Fig. 
10  shows  a  treble-riveted  butt  joint.  A  single  butt  joint  is  al)out 
equal  in  strength  to  a  lap  joint  having  but  one  row  of  rivets,  but 
a  double  butt  joint  is  considerably  stronger. 

In  this  latter  form  of  joint  the  rivets  have  double  shearing 
surfaces,  since  they  tend  to  shear  off  in  two  planes.  This  either 
makes  a  stronger  joint  or  allows  the  use  of  smaller  rivets.  In  the 
single  butt  joint  the  butt  strap  is  usually  about  1 J  the  thickness 
of  the  plate,  and  if  the  inside  butt  strap  is  added,  each  butt  strap 
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ia  made  aljout  §  the  plate  tiiickneBS.     Butt  joints  are  now  being 

uaed  in  the  beat  class  of  boilers,  and  are  used  almost  entirely  for 

plates  lesy  than  ^  inch  in  thickness. 

Lap  joints  are  used 
for  circumferential 
seams,  and  the  stronger 
joint,  the  butt,  for  longi- 
tudinal joints.  For  higli 
pressures  in  marine 
boilers,  triple'  riveting 
is  frequently  used. 

If  a  cover  pliite  is 
riveted  on  the  outside 
of  a  lap  joint,  it  is  called 
combined  lap  and  butt 
joint.      In    this    case 

there  are  three  rows  of  rivets,  the  middle  row  having  twice  as 

many   rivets  as  the   outer  rows.     Fig.   11   shows  the  combined 

joint. 

The  distance   between    the   centers  of   rivets  is   called    the 

"pitch."     The  mathematical  calculation  of  pitch  and  the  distance 

between  the  rivets  and  the  edge  of  the  plata  will  be  taken  up 

later. 

The  following  table  gives  an  idea  of  the  relative  strengths 

of  riveted  joints: 
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FLANQINO  IRON  AND  STEEL  PLATES. 

Iron  plates  are  more  severely  tested  by  flanging  than  by  any 
other  work  done  upon  them.  Thia  is  due  to  their  fibrous  naturOt 
and  great  care  is  necessary  to  prevent  breaking  in  the  bend,  if 
the  comer  is  sharp. 
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As  has  been  stated,  steel  requires  uniform  beating  and 
moderate  curves.  Flanging  is  almost  entirely  done  to-day  by 
machines.  After  flanging,  the  steel  should  be  annealed  by  heat- 
ing the  whole  plate  uniformly  to  a  dull  red  heat,  and  allowing  it 
to  cool  slowly. 

WELDED  JOINTS. 

Welded  joints  for  boiler  shells  are  desirable.  By  their  use 
deposits  which  accumulate  on  and  around  rivet  heads  and  joints, 
corrosion  caused  by  leakage,  and  loose  rivets,  are  done  away  with, 
and  calking  also.  Moreover,  a  perfectly  welded  joint  is  stronger 
than  the  best  riveted  joint,  and  approximates  nearly  to  the  origi- 
nal strength  of  the  plate.  Welded  steam  drums  are  used  now 
quite  «xtensively  for  water-^ube  boilers  of  the  marine  type. 

The  soundness  of  such  a  joint  is  a  matter  of  uncertainty,  and 
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depends  upon  the  skill  and  care  of  the  workmen.  It  is  impoa- 
dible,  from  external  appearances,  to  judge  the  soundneBS  of  a 
welded  joi]  it.  The  principal  use  of  welded  joints  is  for  furnace 
tubes  and  steam  domes,  hut  they  liiwe  not  been  used  much  for 
boiler  shells.  The 
lack  of  tests  on 
welded  joints  and 
the  small  amount  of 
information  on  the 
subject,  render  the  re- 
sults of  experiments 
of  little  value.  The 
weld  is  best  made 
when  the  edges  of 
the  plates  are  upset, 
at  red  heat,  to  nearly 
double  the  plate  tiiickncss,  and  beveled  to  an  anglo  of  about  4.5 
degrees.  The  edges  are  then  heated  together,  and  the  weld  made 
by  hammering  down  the  jiiint  to  the  original  thickness  of  th' 
plate. 

ARRANOanENTS  OF  PLATES  AND  JOINTS. 
When  we  take  up  the  design  of  Iwiilera  we  shall  Bee  that  a 
boiler  tends  to  rupture  longitiidiniiHy.  The  leiiaon  for  this  is 
that  the  resistance  of  a  thin  cylinder  fo  circumferential  rupture  is 
double  the  resistanee  to  longitudinal.  Siu(;e  this  is  the  case,  lap 
joints  are  u.'icd  for  transverstf  seams,  and  a  stronger  form  (llie 
double  butt  joint)  is  used  for  the  longitudinal. 

■  At  the  junctiim  of  three  or  more  plates,  wlu'ro  the  circumfer- 
ential and  longitii<linal  joints  meet,  ordinary  riveted  joints  would 
lie  too  thick.  To  ovei-come  this  dilliculty,  two  or  more  plates  are 
forged  tliin  at  the  joint,  as  shown  in  Fig.  12. 

Whenever  linigitudiiiid  and  girlli  scaiiia  meet,  the  plates 
should  Iw  arranged  to  "becak  joints";  that  is,  one  lougitudiiuil 
seam  should  not  Imj  a  continuation  of  another.  The  proper  ar- 
tangrment  is  shown  in  Fig.  13. 

In  lioth  vertical  and  horizontal  Ixiilers  the  inside  lap  is  made 
to  face  downward,  so  that  it  will  not  foini  a  ledge  for  the  collec- 
tion of  sediment 
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The  belts  of  plates  that  make  up  the  length  are  sometimes 
arranged  eonieally,  with  the  outside  lap  facing  backward.  When 
the  boiler  is  slightly  inclined 
toward  the  front  end,  this 
conical  arrangement  facili- 
tates draining  and  cleaning, 
as  the  dirt  is  removed  at  the 
front  end.  This  is  a  great 
advantage  to  intemidly  fired 
boilers,  as  they  are  diiBcult 
to  clean. 

In  long  vertical  iKiilers 
the  ring  seams  are  arranged 
with  the  inside  lap  facing 
downward,  so  as  not  to  have 
a  ledge  for  sediment.  Some- 
times the  belts  of  locomotive 
boilers  arc  arranged  telescopi- 
Cidly,  with  the  largest  diam- 
eter at  the  fire-box  end.  Of 
late  years  the  best  makers 
use    larger   plates   than   formerly.      Tliis  is  advantageous,  esj^e- 
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Fig.  12. 
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FiR.  13. 


ciallj  in  externally  fired  multitubular  Iwilers,  as  the  sinijle  scam  is 
placed  above  the  water-level,  and  therefore  is  away  irom  tiie  lire. 
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The  portion  of  a  boiler  between  the  shell  and  the  furnace  ia 
called  the  water  leg.  Figs.  14  to  20  inclusive  illustrate  the 
method  of  construction  of  the  water  leg  and  the  joints  around  the 
furnace  door.     Figs.  14  and  15  show  two  methods  of  conatructing 
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the  water  leg.  In  Fig.  1 4  the  exterior  pliito  and  the  furnace  platj 
are  riveted  to  the  ring  D  by  meiins  of  long  riveta.  This  ring  is 
usually  made  of  wrought  iron,  but  in  ninny  chenp  boilers  it  is  of 
cast  iron.  In  Fig.  15  tlie  two  plates  are  riveted  to  the  flanged 
ring  D.  This  construction  is  better  than  the  solid  cast-iron  ring, 
on  account  of  flexibility,  hut  the  junction  of  the  plates  D  and  C 
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forms  a  corner  in  which  sediment  is  deposited.  In  Fig.  17  the 
plate  B  is  flanged  and  riveted  to  C.  This  arrangement  requires 
less  riveting  than  the  one  shown  in  Fig.  15.  Figs.  14,  15  and  17 
also  show  three  forms  of  construction  of  the  joints  around  the 
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Fig.  18. 


Fig.  17. 


furnace  door.  In  Fig.  14  both  the  exterior  plate  and  the  furnace 
sheet  are  flanged  and  riveted  togetlier.  This  is  sliowTi  in  an  en- 
larged view  in  Fig.  18.  The  construction  shown  in  Figs.  15  and 
19  is  not  as  good  as  that  in  Fig.  14,  because  of  the  extra  riveting ; 
also,  it  has  two  comers,  B  and  C,  for  the  deposit  of  sediment. 
Fig.  17  shows  a  somewhat  different  form  of  furnace  construction, 


M7 


22 


CONSTRUCTION    OF    BOILERS. 


the  two  plates  being  riveted  to  the  cast-iron  ring.  This  form  is 
better  shown  in  Fig.  20.  It  makes  this  part  of  the  boiler  too 
rigid,  but  it  has  tlie  advantage  of  not  having  rivet  heads  to  wear 
oflE.  In  these  methods  of  riveting,  those  which  liave  the  flanged 
ring  are  preferable  to  those  using  the  cast-iron  ring,  because  of 
more  freedom  for  expansion ;  but  the  flanged  ring  forms  an 
undesirable  corner. 
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Fig.  li». 


Fig.  iiO. 


In  almost  every  boiler,  plates  must  be  connected  at  right 
angles.  An  example  of  this  is  seen  where  the  end  plates  are 
jointed  to  tlie  slu*ll  plates  of  cylindrical  boilers.  There  are  three 
principal  methods :  riveting  1)otli  plates  to  an  angle  iron,  riveting 
to  a  flanged  ring  and  flanging  the  end  plate.  In  Fig.  21  the  two 
plates  are  riveted  to  an  angle  iron,  which  is  made  of  wrought  or 
cast  iron.  This  construction  is  too  rigid  ;  the  constant  vjiriations 
of  temperature  cause  rei)eated  changes  of  form,  which  tend  to  crack 
the  angle  iron  on  the  inside  of  the  plate  at  the  joint.  Corrosion 
increases  the  evil,  as  it  rapidly  attacks  iron  which  has  once  been 
cracked  or  broken.  There  is  no  delinite  rule  for  the  dimensions 
of  these  angle  irons,  but  it  is  safe  to  make  the  mean  thickness  a 
little  greater  than  that  of  the  plates. 

The  forms  sliown  in  Figs.  22  and  23  are  better.  The  head 
is  flanged  and  riveted  to  the  shell  plates.  The  flanging  makes  a 
more  flexible  joint.  The  radius  of  the  curve  of  the  flange  should 
be  about  four  times  the  thicknes?  '^f  the  plate.     The  head  and 
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shell   are   sometimes   connected  to  a  flanged    ring,  as  shown  in 
^ig.  24.     The  extra  row  of  rivets  makes  a  complex  joint. 

In  vertical  boilers  the  external  fire-box  is  joined  to  the  cylin- 
^Hcal  shell  by  riveted  joints.  Figs.  25  and  26  show  two  forms; 
^hat  in  Fig.  25  being  the  better  on  account  of  the  flanged  ring, 


Fig.  21. 


Fig.  22. 


Fig.  23. 


Pig.  24. 


^Hich  allows  expansion  and  contraction  of  the  shell  and  furnace 
Pljxtes. 

Sometimes  the  case  occurs  of  connecting  two  plates  which  are 
f*^**allel  and  near  together.     For  instance,  at  the   bottom  of  the 


Fig.  25. 


Fig.  26. 


Vkjomotive  fire-box  a  connection  must  be  made  between  the  inner 
^d  outer  fire-box.  The  water-leg  construction  is  a  similar  case. 
Several  methods  for  this  construction  are  shown  in  Fig.  27. 
Vig.  27a  is  too  complicated  and  is  undesirable,  both  on  account 
of  the  numerous  rivets  and  angle  irons,  and  on  account  of  the  in- 
side joints,  which  cannot  be  calked.  Fig.  27  R  is  better,  since  it 
has  but  one  angle  iron ;  it  has,  however,  the  undesirable  inside  joint. 
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I'l:;.  -lit  is  a  givod  joint,  tlie  form  of  connection  being  called  » 
eitiiniu-l  iron.     Fig.  'JTi':.  .-is  we  liave  seen,  is  a  good  flexj 
I'll!  it  h;js  thu  iiiulesiralilc  corner  where  s>:;diment  lodges. 

\Vi'  hiivi-    thna  lirielly  discussed  tlie  Tarioiu  ] 
tnT;iMi;t'nu>iits  for  juitting  sliells  togetlier,  and  now  let  xm  retam  tfl 
our  I'l'iler.  hIiil-Ii  is  reiuly  for  riveting  at  tlie  hydraulic  riveter. 
I'.w  !  ivi-ts  iuv  first  (Inveii  at  eiiual  intcrvnis  around  the  ring  B 
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sufficient  number  of  stays  so  that  they  will  entirely  support  the 
plate  without  regard  to  its  own  stiffness.  The  second  is  to  have 
them  so  pt;u:ed  as  to  present  tlie  least  obstruction  to  a  free  inspec- 
tion, and  third,  to  have  tliein  bo  arranged  as  to  allow  a  free  circu- 
lation of  ^'ater.  Too  much  care,  cannot  be  taken  in  fitting  stays 
and  l>races,  as  they  are  out  of  sight  for  long  periods,  and  a  knowl- 
edge of  their  exact  condi- 
tion is  not  always  easily 
obtained.  In  the  ordinary 
fire-tube  lx>iler  the  princi- 
pal surfaces  stayed  are : 
the  flat  ends,  crown  sheets, 
flat  sides  of  locomotive 
boilers  and  combustion 
chambers  of  cylindrical 
marine  Ivoilers.  In  the 
case  of  most  marine  or 
Scotch  Iwilers,  the  diameter  is  large  compared  to  the  length  ;  hence 
the  flat  8urface  is  considerable,  aud  needs  careful  staying.  All 
the  plates  that  are  not  cylindrical  or  hemispherical  must  be 
staved.      The  details  should  be  arranged  for  each  boiler;  a  few 
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al  methods  and  cautions  c 


,  however,  be  given. 


The  most  common  and  simple  form  of  stay  is  a  plain  rod.    It 
is  used  to  staj  tlie  flat  endi  of  short  boilers      This  stay  is  a  plain 


Fig    20 

rod  pa.-sing  through  the  steam  space  and  having  the  ends  fa.stened 
to  the  head>  Ihe  ends  are  fastened  and  the  length  adjusted  in 
a  Tuiicty  of  metliod^;  the  simplest  being  nuts  on  both  sides 
of  thi;  plate,  as  shown  in  Fig.  28.  The  copper  w.ialiers  a  and  b 
strengthen  the  plate  and  prevent  abrasion  by  the  nuts.  In  place 
of  the  nuts  the  rod  is  often  bolted  to  angle  irons,  wliicli  are  riveted 
to  the  plates.  In  this  case,  turn  buckles  similar  to  the  one  shown 
in  Fig.  29  are  used  for  adjusting  the  length. 
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The  stays  are  usually  from  |^  inch  to  an  inch  in  diameter, 
and  are  made  of  wrought  iron  or  steel,  with  an  allowable  stress  of 
5,000  to  7,000  pounds  per  square  inch.  If  the  ends  are  fastened 
to  riveted  angle  irons,  the  combined  area  of  the  rivets  is  made  a 
little  greater  than  that  of  the  rod. 


Fig.  30. 

If  a  boiler  is  long,  that  is,  more  than  20  feet,  long  stays 
would  sag  in  the  middle  and  not  take  up  the  full  stress  on  the 
end  plates.  For  long  boilers,  gusset  and  diagonal  stays  are  used. 
This  form  of  boiler  stay,  shown  in  Fig.  30,  is  made  of  wrought- 


Fig.  81. 

iron  plate  riveted  to  angle  irons  ;  the  angle  irons  being  riveted  to 
the  end  and  shell.  Boilers  of  the  (/ornish,  Lancashire  and  Gallo- 
way ty[)e8  often  have  this  kind  of  stay.  These  boilers  aro  inter- 
nally lired,  and  as  tln^  variation  of  tein])erature  causes  expansion 
and  contraction,  great  care  should  be  used  in  placing  the  gusset 
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stay.  If  the  stay  is  too  near  the  flange  or  too  many  stays  are 
used,  the  head  will  be  too  rigid  and  have  a  tendency  to  crack. 

A  form  of  diagonal  stay  is  shown  in  Fig.  31.  The  plain  rod 
La  coimected  to  angle  irons  by  means  of  split  pins.  The  angle 
irorLS  are  fastened  to  the  shell  and  end  by  rivets  or  bolts.  Another 
foroi    of    diagonal  stay,  called  the  crowfoot,  Ls  shown  in  Fig.  32. 

two  ends  are  bolted  or  liveted  to  the  end  and  shell. 


Fig.  32. 

Tlie  angle  betweeji  the  shell  plate  and  stay  rod  should  be 

small > not  more  than  30  degrees.     The  rod  itself  is  designed  for 

tensile  strength,  since  the  diagonal  pull  may  be  easily  reduced  to 
an  equivalent  direct  pull.  A  large  factor  of  safety  is  used  tc 
provide  for  future  corrosion.  • 


Fig.  33. 

For  marine  boilers,  a  modified  crowfoot  stay  (Fig.  33)  is  often 
used.  The  end  passing  through  the  head  is  supplied  with  nuts 
and  taper  washers,  the  washers  having  the  proper  taper  to  allow 
the  nuts  to  be  set  up  tightly  against  them. 
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Id  locomotive  fire-boxes  and  in  the  combustioQ  chamber  of 
marine  boilers,  there  are  two  flat  or  slightly  curved  eurfacea  that 
must  be  stayed  together.  These  are  riveted  by  short  screw  stay 
belts.  The  bolts  ahown  in  Figs,  34  and  35  are  screwed  in  place, 
and  tl  e  ei  Is  r  veted  o  er  In  n  ar  ne  bo  lers  these  stays  are 
fastene  1  v  th  n  ts  is  ah  w  i  in  F  g  36    ii-stcad  of  being  riveted. 


Fit'.  34- 
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Sometimes  the  bolt  is  threaded  the  entire  length,  as  in  Fig.  34,  or 
is  turned  off  smooth  in  the  center,  as  in  Fig.  35.  The  smooth  sur- 
face resists  corrosion,  and  is  less  likely  to  fracture  than  the  threaded 
bolt.  Sometimes  a  small  hole  is  drilled  in  the  end,  so  that  if  th« 
holt  breaks,  the  escaping  steam  will  give  warning.  This  is  shown 
at  n.  Fig.  34.     These  Ixilts  are  J  inch  (u- 1  inch  in  diameter. 

The  strains  which 
(lime  on  a  stay  Ixilt  are 
not  tlie  same  as  those 
I  in  rivets  or  on  ordinary 
stay  rods ;  as  a  matter 
of  fiiet,  stay  bolts  fail 
by  a  bending  stress,  and 
gener.illy  fracture  ja-it 
inside  the  outside  sheet, 
due  to  the  unequal  ex- 
or  furnace  and  the  outside 
of  expansion,  flexible  stay 
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Fig.  3(1. 


pansion  between  combustion  chanibf 
boiler  shell.  Owing  to  this  (bffcrcii 
brilta  have  been  di'signed,  hut  have  not  come  into  general  use,  nor 
are  tliey  likely  to,  as  they  iiccu]>y  ci inside ml)le  space  and  are  much 
more  complicated  than  the  simple  stiiy  bolt.  Stay  bolts  are  made 
from  the  best  quality  of  mfmed  iron,  which  has  been  found  to 
stand  the  strains  of  alternate  heating  and  cooling  better  thim 
inihl  steel.  Iron  abiy  bolts  are  more  durable,  because  of  the 
fibrous  nature. 
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It  ahanid  be  addei)  tlutt  Wiler  heads  ar^  furtlier  stiffened  hv 
channel  bars  or  angles  placed  along  the  line  of  holes  for  the 
through  stay  rods. 


The  crown  sheets  of  fire-boxes  and  toi»s  of  combustion 
chHmbeis  are  usually  stayed  by  crown  bars,  wliicli  extend  aiross 
the  fiat  surfaces,  as  shown  in   Fig.  37.  the   ends  resting  on  the 


Fig.  38. 

•ide  plates.  Bolts  about  4  inches  apart  connect  the  crown  sheet 
to  this  girder.  The  girder  may  be  a  solid  bar,  or  it  may  be  made 
np  of  two  flat  plates  bolted  or  riveted  together,  as  shown  in  the 
figniB,  the  staj  bolts  being  placed  between  the  plates  at  intervals 
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of  about  4  inches.  Either  bolts  or  riveta  may  be  used  to  keep 
the  plates  whicli  form  the  girder  from  spreading.  Projections 
are  sometimes  forged  on  the  bottom  of  the  girder,  bo  that  the  stay 
bolts  may  be  screwed  up  tiglitly  wittiout  bending  the  plate. 

The  depth  of  the  plates  which  make  up  the  girder  vary  from 


Fig.  39. 

4  to  6  inches.  They  are  from  |  to  |  inch  in  thickness.  If  bolts 
I  inch  in  diameter  are  used,  the  distance  between  the  plates  is 
usually  1  inch,  but  if  larger  bolts  1  inch  in  diameter  are  used, 
the  distance  should  be  IJ  inches.  The  ends  of  the  bars  which 
rest  upon  tho  side  plates  shonld  be  carefully  fitted  to  make  iv  good 
bearing,  and  the  area  should  be  sufficient  to  pi'ovent  crushing  o£ 


FlK.  40. 

the  end  platfs.  The  distance  between  the  crown  sheet  and  the 
girder  should  lie  at  leaj^t  1^  inches,  so  that  there  will  be  good 
cii-culation  and  the  plates  may  be  readily  cleaned. 

In  some  cases  tlie  girder  is  supported  from  the  shell  by  sling 
stays,  as  shown  in  Fig.  38.     Tlie  sling  stays  are  connected  to  the 
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girder  and  to  an  angle  iron,  or  T-iron,  which  is  riveted  to  the  shell. 
The  angle  ii*on  stiffens  the  shell.  In  designing  this  form  of  stay 
it  is  usual  to  make  the  girder  strong  enough  to  support  the  crown 
sheet  without  any  sling  stays,  and  these  stays  are  used  for  addi- 
tional support. 

TUBES. 

Boiler  tubes  are  made  of  steel  or  wrought  iron,  but  most 
commonly  of  charcoal  iron  and  lap  welded.  In  the  formation  of 
the  lap  the  plate  is  upset,  then  bent  around  until  the  thickened 
edges  lap  sufficiently.  It  is  then  heated  successively  about  8 
inches  at  a  time,  and  welded  over  a  mandrel,  which  is  a  cast-iron 


Fig.  41. 

arm  with  a  slightly  convex  top,  over  which  the  tube  is  placed 
Tul)es  are  measured  by  their  outside  diameters,  and  are  usually 
tiTie  to  gauge,  so  that  holcH  for  them  may  be  bored  without  taking 
measurements  from  the  tubes  themselves. 

The  holes  for  the  tubes  in  the  tube  sheet  are  usually  made 
m  one  of  two  ways.  One  method  is  to  punch  the  tube  holes  the 
proper  size  by  means  of  a  lielicuil  punch.  With  this  punch  the 
metal  is  cut  away  by  a  shearing  cut.  The  holes  ought  to  be 
punched  a  little  under  size,  and  then  reamed  out,  so  that  the  sur- 
face against  which  the  tubes  are  expanded  may  be  good.  The 
other  method  is  to  punch  or  drill  a  small  hole  at  the  point  mark- 
ing the  center  of  the  tube  hole.  A  drill  with  a  post  in  the  center. 
which  fits  the  small  hole,  then  drills  the  desired  size  of  hole. 
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Ordinary  tubes  iirc  fustuut^td  to  tlic  eiiil  plittr-s  by  exjmiiding 
tlte  auital  of  till-  tiiln-  agaiiiitt  the  tulie  jilato.  This  is  done  \j5& 
liH>l  called  an  eX]i;u)dor,  of  wliicli  tlii-ru  nru  two  commun  forms. 
Olio  farm  consists  of  iv  Kktol  taper  pin  and  a  number  of  »u-e\  ae^ 
tnviits,  tield  iu  place  by  a  spring.     The  outside  of  the  segments 
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Fig.  42. 

have  the  form  to  be  given  to  the  expanded  tube,  and  the  insi<!e  i» 
a  straigbt  hollow  coue,  into  which  the  steel  taper  pia  fits.  The 
segniesta  are  forced  apart  by  hammering  on  the  steel  pin.  In 
order  that  the  metal  of  the  tul«  may  not  I)c  injured,  the  haninier- 
ing  should  be  done  gradnallj  and  carefully,  and  the  expander 
ttirtii.ll  frequently.  Anotiier  form,  shown  in  Fig.  39,  baa  a  set  of 
rolls  that  are  forced  against  the  inside  of  the  tube  by  dri^'iiig  in 
the  taper  pin.  The  pin  and  roils  rotate  us  the  pin  is  driven,  and 
^^  the  i-olls  gradually  expand  the 

tube  against  the  tube  plate. 

Two  forms  of  tiiliL-  expan- 
sion are  shown  in  Kip-s.  40  atid 
41.  That  shown  in  Fig.  41  is 
preferable  to  that  iu  Fig.  40,  as 
the  latter  bears  at  the  corners 
only,  wliik-  the  former  bears 
^^inst  the  entire  thickness  of 
the  tube  sheet. 

After  the  tubes  are  expanded,  the  ends  are  beaded  over,  as 
shown  in  Figs.  40  and  41.  This  adds  to  the  strength  of  the  con- 
nection between  the  tulie  and  tube  sheet.  The  tool  commonly 
used  for  this  beading  is  shown  in  Fig.  42. 

FeiTules  are  often  placed  in  the  ends  of  fire  tubes,  and  serve 
to  protect  the  ends  from  the  intense  heat  of  the  fire.  The  ar- 
rangement is  shown  in  Fig.  43,  the  ferrule  F  being  placed  within 
the  tube  for  a  short  distance.  The  space  A  is  merely  an  air 
space. 
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Stay  tubes  are  not  used  as  extensively  at  the  present  time  as 

they  were  formerly.     They  were  very  common  at  a  time  when  the 

lioldiiig  power  of  expanded  tubes  had  been  experimented  on  but 

little.     It  is  now  apparent  from  such  tests  that  the  holding  power 

of  tubes  expanded,  as  shown  in  Fig.  40,  is  more  than  equal  to  the 

pressure  on  the  spaces  between  the   tubes  of  an  ordinary  tube 

plate.     Stay  tubes  are  simply  heavier  tubes,  with  the  ends  pro- 
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Fig.  44. 


jecting  beyond  the  tube  sheet  and  threaded  for  shallow  nuts. 
The  ends  of  the  tubes  are  frequently  upset  or  thickened,  and 
screwed  into  the  tube  sheet  as  well.  This  form  is  shown  in 
Fig.  44. 

FURNACE  FLUES. 

Flues   which  are  subjected  to  external   pressure    should  al- 
ways be  cylindrical.     Fig.  45  shows  the  section  of  the  Adamson 


Fig.  45. 


Fig.  46. 


flue.  This  was  an  improvement  over  the  plain  furnace,  as  it 
b  more  elastic  and  allows  expansion;  the  flanged  rings  also 
strengthen  and  stiffen  it  against  collapse.  The  methods  of  build- 
ing furnaces  shown  in  Figs.  46  and  47  are  not  considered  as  good 
as  the  Adamson  arrangement.     Fig.  46  is  too  rigid,  and  does  not 
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allow  a  free  expansion  and  contraction.  Fig.  47,  on  t)ie  other 
hand,  permits  of  such  extremely  well,  but  both  have  the  fault  of 
exposiug  a  double  thickness  of  plates  and  two  rows  of  riveta  to 
the  fire. 

The  corrugated  flue  shown  in  Fig.  48  is  popular  and,  fur- 
thermore, is  exceik-nt.  There  is  freedom  for  expausion  tlirough- 
out  its  whole  length,  thereby  reducing  the  strains  on  the  boiler. 


The  plates  should  be  thick  enough  to  prevent  sagging  in  tlie  mid- 
dle, the  thickness  usually  varying  from  -^'g  inch  to  |  inch.  Cor- 
rugated furnaces  are  riveted  to  the  rear  tiil>o  sheet  in  tlie  return 
tube  boiler  of   tiie   marine  type,  the  end  of  the  furnace   being 


flanged  at  the  front;  and  the  liead  of  the  boiler  is  flanged  around 
the  ojiening  cut  for  the  furnace,  which  fits  well  into  the  flange. 

CALKING. 
In   order  that  riveted  joints  of  boilers  may  be  steam  and 
water  tight,  tliey   generally    i-cquire   calking.     This  process  up- 
sets the  metal  of  the  overlapping  plate,  or  burrs  down  the  edge. 
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'o/ting  it  into  close  contact  with  the  lower  plate,  and  rendering 
tte  joint  steam  tight. 

The  ciilking  tool  is  similar  to  a  chisel,  the  end  having  a  va- 
riety of  shapes.     Fig.  49  shows  a  round-nosed  tool  which  burrs 
down  the  upper  plate  without  cutting  the  under  plate ;  but  it  is 
bard  to  start,  and  in  calking  with  such  a  tool  the  edge  is  first 
started  with  a  sharper  round-nosed  tool,  and  then  finished  with 
one  as  indicated  in  the  figure.       If  a  square-end  tool  is  used,  as 
shown  in  Fig.  50,  the  under  plate  is  likely  to  be  cut,  and  the 
plates  Ik? t ween  the  edge  and  the  rivet  be  separated.     The  most 
com  III  on  form  of  calking  tool  is  one  similar  to  the  one  shown  in 
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Fig-.  49,  except  that  the  end  is  flat,  with  a   slight  bevel,  and    not 
round. 

A  slight  bevel  given  the  plates  makes  both  calking  and  ful- 
lering' more  easily  done.  When  the  calking  tool  is  thin  it  is 
sometimes  driven  by  careless  workmen  into  the  joint,  wedging  the 
plates  open.  Severe  and  careless  calking  is  very  injurious  to 
boilers.  On  the  inside  it  often  causes  grooving  and  fracture,  and 
the  fnicture  of  plates  then  follows  the  line  of  calking  rather  than 
the  line  of  rivet  holes.  A  pneumatic  calking  machine  is  often 
used  in  boiler  shops,  as  it  does  this  work  about  four  times  as 
rapidly  as  it  can  be  done  by  hand.  It  resembles  a  rock  drill  in 
general  principles.  Air  is  supplied  through  a  flexible  tulie,  at  a 
pressure  of  about  70  pounds  per  square  inch.  It  makes  about 
1^00  strokes  a  minute. 
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THE  STEAM  ENGINE 


^ere  are  various  kinds  of  engines  from  which  mechanical 

^*^  1^  obtained  by  the  expenditure  of  heat.     In  the  gas  engine  a 

xture  of  gas  and  air  is  burned  in  the  cylinder,  the  heat  thus 

o  nerated  being  converted   into  work   by  the  expansion  of   the 

P'^Ucts  of  combustion.     The  action  in   oil  and  hot-air  engines 

Very  gimiiar.     The  most  important  of  all  heat  engines,  however, 

^'*®  steam  engine,  in  which  the  heat  in  steam  is  transformed  into 

^^/^^     It  will  be  useful  to  review  briefly  some  of  the-  stages  through 

^^^t  it  has  passed  in  its  development. 

The  first  steam  engines  of  which  we  have  any  knowledge  were 

,  bribed  by  Hero  of  Alexandria,  in  a  book  written  two  centuries 

*<>r^  Christ.     Some  of  them  were  very  ingenious,  but  the  best 

^'"^  little  more  than  toys.     From  the  time  of    Hero  until    the 

*^nteenth  century  there  was  very  little  progress.     At  this  time 

^^^  began  to  be  great  need  of  steam  pumps  to  remove  water 

.    ^    the  coal  mines.      In    1615,  Salomon  de  Cans  devised    the 

lowing  arrangement.     A  vessel,  having  a  pipe  leading  from  the 

^^tn,  was  filled  with  Avater  and  then  closed.     Heat  applied  to 

*^   Vessel  caused   steam   to   be  formed,  which  forced  the  water 

^^'■^Ugh  the  pipe. 

A  little  later  an  engine  was  constructed  in  the  form  of  a  steam 
''^ine;  but  it  was  unsuccessful,  and  the  attention  of  inventors 
^^  again  turned  to  pumps. 

Finally  Thomas  Savery  completed,  in   1693,  the  first   comr 

^^'^^^ially  successful  steam  engine.     It  was  very  wasteful  of  steam 

^"^  Compared  with  our  engines  of  today,  but  as  being   the  first 

^^'?ine  to  accomplish  its  task  it  was  a  grand  success.     Savery's 

^'^Sine  (Fig.  1)  consisted  of  two  oval  vessels  placed  side  by  side 

*'^d  ill  communication  with  a  boiler.     The  lower  parts  were  con- 

^^cted  bv   tubes  fitted   with   suitiible    valves.     Steam  from    the 

"^iler  was  admitted  to  one  of  the  vessels  and  the  air  driven  out. 

The  steam  was  then  condensed  and  a  vacuum  formed  by  letting 
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water  play  over  the  surface  of  the  vessel.  When  the  valve 
opened,  this  vacuum  drew  water  from  below  until  the  vessel  was 
full.  The  valve  was  then  closed  and  steam  again  admitted,  so 
that  on  opening  the  second  valve  the  water  was  forced  out 
through  the  delivery  pipe.  The  two  vessels  worked  alternately. 
When  one  was  filling  with  water,  the  other  was  open  to  the 
boiler  and  was  being  emptied.  Of  the  two  boilers,  one 
supplied  steam  to  the  oval  vessels  and  the  other  wjis  used  for  feed- 
ing water  to  the  fii^st  boiler.  The  second  boiler  was  filled  while 
cold  and  a  fire  li<jhted  under  it.  It  then  acted  like  the  vessel 
used  by  Salomon  de  Cans  and  forced  a  supply  of  feed  water  into 
the  main  boiler. 
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V\^.    1.  SIDK   VIEW. 

A  modification  of  Savery's  engine,  the  piilsometer  (Fig.  2), 
is  still  quite  common.  It  is  used  in  places  where  an  ordinary 
pump  could  not  be  used  and  where  extreme  simplicity  is  of 
especial  advantagi?.  Its  valves  work  automatically  and  it  requii*es 
very  little  attention. 

A  serious  difficulty  with  SavcMy's  eni^ine  resulted  from  the 
fact  that  the  height  to  which  water  could  Ik*  raised  wjis  limited  by 
the  pressure  which  the  vessels  could  bear.  Where  the  mine  Wiis 
very  deep  it  was  necessary  to  use  several  engines,  each  one  raising 
the  waU*r  a  part  of  the  whole  distance.     The  consumption  of  coal 
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in  pniportioti  to  ttie  work  done  was  about  twenty  times  as  gi-eat 
as  that  of  a  good  modem  steam  engine.  This  wits  largely, 
though  not  entirely,  due  to  the  immense  iimoiint  of  steam  which 
wiv*  wasted  by  condensation  when  it  came  in  cont^iut  with  the 
water  in  the  oval  vesseLs. 

The  next  gi-eat  step 
in  the  development  of 
tlie  steam  engine  was 
taken  by  Newcomen, 
who  in  1705  succeeded 
in  preventing  contact 
Iietween  the  steam  and 
tlie  water  to  be  ]iumi>ed, 
thus  diminishing  the 
amount  of  steam  use- 
lessly condi-nseil.  He 
introduced  the  first  suc- 
cessful engine  which 
uwd  (I  piston  working 
ui  a  cylinder. 

In  Neweomen's 
engine,  sliown  in  Fig.  '.\, 
tiiere  was  a  Iioriz.ontal 
li'Tcr  pivoted  at  the 
center  and  cairying  at 
one  en<l  a  long  heavy 
nxl  whicti  connected  witli  a  pum|)  in  tlic  mint?  Inrlnw.  A  pision 
WIS  hung  from  tlie  otlier  end  of  the  lever,  anil  worked  up  iiml 
down  in  a  vertical  cylinder,  which  Wiia  ojien  at  the  tup.  Steam 
■AcU'd  only  on  the  lower  side  of  the  piston.  Stciin>  at  atmosiihenc 
pressure  was  admitted  from  the  Iwiler  to  the  cyliniler,  and  as  the 
pressure  was  the  same  Ixith  alwve  and  Im-Ioiv  the  piston,  tlie  f;dling 
of  the  heavy  pump  n)d  rjiisi-d  the  jiiston.  A  Jet  of  wat^^r  was  now 
passed  into  the  cylinder  to  condense  the  steam  and  form  h  vacuum. 
Tliis  left  the  piston  with  atmospheric  prcRsiire  aliove  arnl  very 
slight  pressure  below,  ko  it  was  forced  down  ami  the  pump  rod 
again  raised.  Steam  could  again  be  admitted  to  (he  cylinder,  the 
pump  rod  would  fall,  and  so  on  indefniitely. 
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Ill  the  days  of  Newcomen  it  was  veiy  difficult  to  olttniii  jjooil 
workmaiisliii>.  For  this  reason  it  was  often  necessary  to  iuuk«  tUe 
cylinders  of  wood,  and  even  tlieii  there  might  be  a  space  of  t>ii«- 
ei<(hth  of  an  inch  between  the  wall  of  the  cylinder  and  the  piston. 
In  order  to  prevent  steam  from  blowing  through  this  passagf,  la 
air  from  leaking  in  when  the  steam  was  condensed,  it  whs  cnntoin- 
ary  lo  ket-p  a  jet  of  water  playing  on  the  top  of  the  piston. 


One  great  trouhlo  witli  all  these  engines  was  that  they  re- 
ijnired  wmm  one  to  open  and  close  the  cocks.  Boys  were  generally 
employed  to  do  tliia  work.  In  order  to  get  time  to  play,  ong  of 
them  riggeil  a  catch  at  the  end  of  a  cord  which  Wits  altaclied  to 
Uie  beam  overhead.  This  did  the  M'ork  for  liira,  flaking  the 
vidvesantoniaticin  this  way  made  it  possible  to  dispense  willi  tlie 
eciTices  of  the  Itoy  an<l  at  the  snme  time  greatly  increase  the  speed 
of  the  engine.  This  engine  i.vas  improved  slightly  from  time  to 
time  by  different  inventors  and  was  very  extensively  used  nittil 
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Watt's  time.  Some  of  them  are  in  existence  today.  While  this 
engine  was  a  success  and  a  great  improvement  over  its 
predecessors,  it  was  still  very  large,  wasteful  and  heavy,  in  com- 
parison with  the  work  done.  When  the  C3''linders  were  made  of 
iron  they  were  simply  cast  and  not  bored,  thus  leaving  a  rough, 
stony  coating  over  the  iron,  called  the  skin. 

In  the  year  1763,  a  small  model    of  a    Newcomen  engine 

^Jis  tiken  to  the  shop  of  an  instrument  maker  in  Glasgow,  Scot- 

IjwhI,  to  be  repaired.     This  instrument  maker,  whose  name  was 

James  Watt,  had  been  studying  steam  engines  for  some  time  and 

lie  beciime  very  much  interested  in  this  model.     He  was  a  man  of 

gi^itgenius,  and  before  he  died  his  inventions  had  made  tlie  steam 

*^''gine  so  perfect  a  machine  that  there  has  been  but  one  really 

P^at  improvement  in  it  since  his  time ;  namely,  compound  expan- 

*'<>n.      All  other  improvements  have  been  merely  following   in 

^he  line  of  his  suggestions  and  constructing  what  he  could  not  for 

^k  of  good  tools. 

He  found  that  to  obtain  the  best  results  it  was  necessary, 
'  ^irst^  that  the  temperature  of  the  cylinder  should  always  be  the 
■"*««  a%  that  of  the  steam  which  entered  it;  and^  secondly,  that 
'^'♦•n  the  steam  was  condensed  it  should  he  cooled  to  as  loio  a  tern- 
''^*Hure  as  possible.^*  All  improvements  in  steam-engine  efficiency 
^  Ve  been  in  the  direction  of  a  more  complete  realization  of  these 
^o  conditions. 

In  order  to  keep  the  cylinder  nearly  as  hot  as  the  entering 
^a.m,  Watt  no  longer  injected  water  into  the  cylinder  to  condense 
^^  steam,  but  used  a  separate  vessel  or  condenser.  lie  made  his 
**tou  tight  by  using  greater  care  in  construction,  so  that  it  was 
^t;  necessary  to  have  a  water  seal  at  the  top.  He  then  covered 
*^  top  of  the  cylinder  to  prevent  air  from  cooling  the  piston. 
•  lien  this  was  done  he  could  use  steam  above  as  well  as  below 
^^  piston ;  this  made  the  engine  double  acting. 

Also,  in  the  effort  to  keep  the  cylinder  as  hot  as  the  entering 
'^^im,  he  enclosed  the  cylinder  in  a  larger  one  and  fillcnl  the  space 
^tween  with  steam.  This  was  not  often  done,  however,  and  only 
'^  late  years  has  the  steam  jacket  been  of  much  advantage.  He 
^1^  used  steam  expansively,  that  is,  the  admission  of  steam  was 
*U>pped  when  the  piston  had  made  a  part  of  the  stroke ;  the  rest 
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of  the  stroke  was  completed  by  the  expansion  of  the  Bteam  already 
admitted.  Tliis  plan  is  now  used  in  all  engines  that  are  built  for 
economy. 

Other  inventions  made  by  Watt  on  his  steam  engine  were  : 
a  parallel  motion,  that  is,  an  arrangement  of  litilis  connecting  the 
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end  of  the  piston  rod  with  the  beam  of  the  engine  in  such  a  way 
iia  to  guide  tlie  rod  almost  exactly  in  a  stniight  line ;  the  throttle 
valve,  fur  regulating  the  i-.tte  of  admisRioii  of  steam  and  the  centrif- 
ugal governor,  which  controlled  the  spaed  by  acting  on  the  throttle 
valve. 

Watt  also  invented  the  "indicator,"  by  means  of  which  dia* 
gi-iims  are  made  which  show  at  all  i>oiiits  the  relation  between  the 
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pressure  in  the  cylinder  and  the  position  of  the  piston  at  that 
instant.  His  assistant,  Murdoch,  invented  the  slide  valve  as  a 
means  of  admitting  and  releasing  the  steam.  Fig.  4  shows  Watt's 
final  engine. 

Watt,  like  other  early  inventors,  sold  many  of  his  engines  to 
miners,  who  had  heen  using  horses  to  pump  out  the  mineS;  and 
for  this  reason  he  rated  his  engines  by  the  horse-power.  Although 
this  term  has  an  historical  derivation  it  has  no  real  significance, 
and  no  relation  whatever  to  the  power  of  a  hoi-se.  It  is  an 
establislied  unit  for  measuring  the  rate  at  which  work  is  done.  One 
horse-power  is  the  amount  of  work  necessary  to  raise  33,000  pounds 
through  one  foot  in  one  minute  ;  and  we  may  say  that  one  liorse- 
power  is  equal  to  33,000  foot  pounds  per  minute. 

Watt  saw  that  by  using  high-pressure  steam  he  could  get 
more  work  from  it;  but  as  it  was  not  possible  to  make  very  reli- 
able boilers  he  never  used  a  pressure  of  more  than  seven  pounds 
I)er  square  inch  above  the  atmosphere.  About  the  year  1800 
comparatively  high  pressures  came  more  into  use  and  the  non" 
condensing  engine  was  introduced.  In  Watt's  engine,  and  all 
those  preceding  his,  a  vacuum  was  produced  in  front  of  the  piston 
by  condensing  the  steam,  and  either  the  atmosphere  or  steam  at 
atmospheric  pressure  pushed  it  through  the  stroke.  In  the  non- 
condensing  engine,  using  high-pressure  steam,  the  space  in  front 
of  the  piston  could  be  opened  to  the  atmosphere  at  exhaust,  and 
althougli  the  atmospheric  pressure  resisted  its  motion  the  pressure 
of  the  steam  behind  the  piston  was  still  greater  than  that  of  the 
air.  These  engines  were  much  more  simple  than  the  condensing 
engines,  as  they  required  no  condenser. 

About  this  time  what  would  now  be  called  a  compound  engine 
was  introduced  by  Horn  blower  and  later  by  Woolf.  It  hud  two 
cylinders  of  different  size.  Steam  was  admitted  into  the  smaller 
cylinder,  and  then  passed  over  into  the  larger.  The  steam  ex- 
panded a  little  in  th,6  smaller  cylinder  and  much  more  in  the 
larger  one. 

A  great  many  attempts  were  made  to  build  locomotives^  but 
ihey  were  generally  unsuccessful  until  George  Stephenson  built 
his.  engine,  the  "Rocket,"  in  1829.  The  principal  new  feature 
of  this  engine  was  the  improved  steam  blast  for  increasing  the 
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draft  in  tlie  farnace  and  so  making  poselble  the  use  of  a  smaller 
boiler.  Later  lie  used  the  "link  motion,"  which  enabled  the 
engine  to  be  quickly  revei-sed  aud  the  amount  of  expansion  varied. 


Thi  Stephenson  link  motion  may  Iw  seen  on  almost  any  locomo- 
tive. It  in  eiiiiiily  a  devieo  by  wliiuli  either  of  two  eccentrics  may 
fio  made  to  move  tlio  valve. 

About  the  year  1814,  Woolf  introduced  a  compound  puuip> 
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ing"   engine   in  the  mines  of   Cornwall,  but  a  simpler  engine  waa 
later   introduced  and  Woolf  s  engine  fell  into  disuse.     This  later 
engine   l^ecame  known  as  the  Cornish  Pumping  Engine  and  was 
famous  for   many  years  because  of  its  economy.     It  was  the  first 
engine  ever  built  that  could  compare  at  all  with  modern  engines 
in   tlie   matter  of  steam  consumption.     It   consisted   of  a  single 
cylinder  placed  luider  one  end  of  a  beam  from  the  other  end  of  which 
bting  a  lieavy  rod  which  operated  a  pump  at  the  foot  of  the  shaft. 
Steam  was  admitted  on  the  upper  side  of  the  piston  for  a  short  por- 
tion of    tlie  stroke  and  allowed  to  expand  for  the  remainder  of  the 
stroke.       This  forced  the  piston  down,  lifted  the  heavy  pump  rod 
and    filled    the   pumps    with   water.     Then    communication   was 
established  between  the  upper  and  under  side  of  the  piston,  ex- 
haust occurred,  and  the  heavy  pump  rod  fell,  lifting  the  piston  and 
forcing   the  water  out  of  the  pumps.     The  cut-off  was  about  .8 
stroke,  and  the  pump  made  about  seven  or  eight  complete  strokes 
jier  minute  with  a  short  pause  at  the  end  of  each  stroke  to  allow 
the  valves  to  close  easily  and  the  pumps  to  fill  with  water.     The 
cylinder  was  jacketed.     These  engines  needed  great  care  and  were 
in  charge  of  comj^etent  men,  to  whom  prizes  were  frequently  given 
for  the  best  efficiency,  which  doubtless  accounts  for  their  wonderful 
performance . 

PARTS  OF  THE  STEAH  ENGINE. 

Fig.  5  shows  the  elevation  of  a  simple  form  of  steam  engine. 

The  Cylinder  A  (see  plan.  Fig.  6)  is  that  part  of  the  engine  in 
which  the  piston  moves  back  and  forth.  It  is  made  of  cast  iron  and 
accunitely  bored.  Great  care  must  be  taken  in  this  work,  for  any 
nnevenness  will  allow  steam  to  leak  through  between  the  piston  and 
cvlinder  walls  or  it  may  even  cause  the  piston  to  stick  or  work 
hard.  In  large  engines  the  cylinder  consists  of  two  parts,  the 
outer  or  cylinder  proper  and  a  comparatively  tliin  cast  iron  liner. 
A  si>aeo  can  ]ye  left  l)etween  them  for  a  steam  jacket.  Sliould  tlio 
cylinder  liner  be  damaged,  it  can  be  replaced  without  tlie  expense 
of  a  new  cvlinder. 

The  Cylinder  Heads  B  cover  the  ends  of  the  cylinder  and  are 
securely  bolted  thereto.  In  the  ci'ank-end  cover  there  is  an 
opening  for  the  piston  rod  to  pass  through.    This  opening  is  made 
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liolji  stonitv  tlio  jiislon  in  a  lini<f  stroke  and  is  known  as  the  tail 
i\Hi.  ^Vlii'n  »  tail  nxl  is  it?fil  another  slutting  box  imist  also  l>e 
|miviil»Hl  for  the  heatl-eiid  cover. 
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The  Piston  U,  in  small  engines,  is  usually  a  thick  disc  of  iron 
or  steel,  as  shown  in  Fig.  6.  It  is  often  made  conical,  as  shown 
in  Fig.  7,  to  hetter  withstand  the  steam  pressure  and  to  gain  space. 
Tlie  piston  must  fit  the  cylinder  steam  tight  and  yet  move  easily. 
To  accomplish  this,  one  or  more  grooves  in  the  piston  are  filled 
with  i>acking  (usually  metallic),  or  spring  rings  may  be  used. 

The  Piston  Rod  C  (Figs.  5  and  6)  is  made  of  steel  and  con- 
nects the  crosshead  and  the  piston  to  which  it  is  rigidly  fixed. 

The  Crosshead  D  serves  to  join  the  piston  rod  and  connecting 
rod.  At  one  end  it  is  fastened  to  the  piston  rod,  and  at  the  other 
end  is  the  wrist  pin  V  on  which  the  connecting  rod  swings.  It 
18  guided  to  and  fro  by  the  crosshead  guides  Q. 

The  Connecting  Rod  E  is  a  steel  forging  from  three  to  eight 
times  the  length  of  the  crank,  depending  upon  the  type  of  engine. 
One  end  is  jointed  to  the  crosshead  by  the  pin  V,  called  the  wrist 
pin,  while  the  other  encircles  the  crank  pin  and  revolves  with  it. 
A  detail  view  of  one  end  is  shown  in  Fig.  8  ;  the  other  end  is 
frequently  similar.  In  some  cases  the  small  end  is,  forked,  as 
shown  in  Fig.  9. 

The  Crank  Pin  F  forms  the  connection  between  the  crank 
and  connecting  rod. 

The  Cnuik  G,  equal  in  length  to  one-half  the  stroke  of  the 
piston,  converts  the  back  and  forth  motion  of  the  connecting  rod 
into  circular  motion.  It  may  be  simply  an  arm,  as  shown  in  Fig. 
10,  or  a  complete  disc  keyed  to  one  end  of  the  shaft,  as  shown  in 
Fig-  11.     The  disc  is  more  nearly  balanced  than  the  crank. 

The  Shaft  H  transmits  the  rotary  motion  from  the  crank  to 
the  flv  wheel  P. 

The  Frame  of  the  engine  S  is  a  heavy  casting,  which  supports 
the  cylinder  and  bearings.  It  should  be  securely  bolted  to  the 
foundation. 

Tlie  Steam  Chest  M  receives  steam  directly  from  the  boiler, 
and  the  steam  passes  thence  through  the  ports  W  into  the  cylinder. 

The  Eccentric  I  is  a  disc  keyed  to  the  shaft  so  that  ius  center 
and  the  center  of  the  shaft  do  not  coincide.  Tlie  eccentric  stmp  Y 
encircles  the  eccentric  and  imparts  a  reciprocating  motion  to  the 
valve  stem  L  and  the  eccentric  rod  J.     This  action  is  similar  to 
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that  of  the  craiik  and  connectJDg  rod,  but  exactly  reversed.     K  ia 
the  viilve  stem  crosshetid  and  R  its  guides. 

The   Slide  Valve  X  ia   the  valve  for  aLtenmtelj  admitting  . 


sU;nin  tii  the  cylinder  and  releawitig  it.  It  ha-s « (;iii>shii|io<I  <'avity 
in  its  fitce  tlii-ougli  whiclithe  exhaust  ijteiim  iiitsses.  It  is  situated 
in  the  steam  clit'Ktanil  is  moved 
by  tlie  valve  gear,   that  is,  tlie 

^__ — ^^    eccentnc  and  tlie  ('(■cciitriL-   nui, 

J f^ —  "^''^  CltaraiK'U  '/.  is  tint  spare 

\^^  a  \L  11  between    the    jiiston     and    tlie 

^^^  \^^j//  cylinder  head  (when  tlie  ]>i>t..n 

I  ■     I,  ^<Z^.-}    J   irt  nt  the  end  of  the  stroke),  to- 

gether  with  the    volume  of    the 

steam  porta.     Tliis  volume  mnst 

be  filled  with  steam   before   the  piston  can  start.     It  is  usual  to 
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express   the  clearance  as  a  certain  per  cent  of  the  volume  swept 
ihrougU  liy  the   piston. 

The  crank  may  revolve  in  either  dii'cction.  If  we  stand  by 
the  cylinder,  facing  the  crank  shaft,  and  the  crank  moves  away 
from  lis  ns  it  passes  over 
the  sli;tft,  we  say  that  It 
is  running  onr.  If  it 
moves  a^vay  from  lis  as 
it  passes  under  the  shaft, 
we  say  that  the  engine 


IS  running 


The 


action   of  steam  in   the 


Fig.  fl.  KiR-  11- 

rvlinder   of   an  engine   is  very  complicated,  and  its   discnssidii 
will  l>e  taken  up  later  in  the  couree. 

TVPE5  OP  ENQINES. 

Classification.  There  are  so  many  different  tj^Dcs  of  engines 
that  it  is  difficult  to  classify  them  all  juoperly.  Most  engines 
Ijelong  to  several  classes  at  one  and  the  same  time.  For  instance, 
there   are   condensing    and    non-condensing  engines ;    there   are 
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simple,  compound,  triple  anil  quadruple  expansion ;  there  lire  high 
speed  and  low  speed,  Tertical  and  horizontal,  locomotive,  stationary 


and  marine,  and  many  other  classes  into  winch  these  might  he' 
further  8ul)divided, 

Simple  Engine».  The  simplest  type  of  en^ne  is  the  sjmp'.e 
expansion.  It  has  one  cylinder  and  admits  8t«am  for  a  part  of  the 
fltroke,  expands  it  during  the  remainder  and  exhausts  either  into 
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the  atmosphere  or  into  a  condenser.  Simple  engines  (see  Figs.  5 
anil  12)  are  now  used  only  for  comparatively  small  powers,  say 
1<M)  II.  P.  or  less,  and  although  more  extravagant  of  fuel  than  the 
others,  may  still  be  the  most  economical  financially  if  low  first  cost 
is  an  im[X)rtant  item,  if  they  are  not  run  continuously,  or  if  the 
load  fluctuates  widely. 

Compound  Engine9  have  two  cylinders  known  as  the  high  pres- 
sure and  low  pressure.     Steam  entei-s  the  smaller  or  high  pressure 
cylinder  and  then  expands  until  i-elease,when  it  is  exhausted  into  the 
larger  cylinder,  where  the  expansion  is  finished.    The  cylinder 
should  be  so  proportioned  that  approximately  the   same  amount 
of  work  can  be  done  in  each.     The  first  cylinder  is  small,  because 
it  has  the  higher  steam  pressure,  and  a  given  weight  of  steam 
occupies  less  space  when  at  high  pressure.     The  second  must  l)e 
lar^,  80  that  the  volume  at  cut-off  can  contain    all    of  the  steam 
exhausted  from  the  high. 

Besides  being  more  economical  the  compound  has  a  distinct 
ineclianical  advantage.  The  two  cranks  may  be  set  at  right 
angles,  so  that  when  one  is  on  dead  center  tlie  other  is  at  a  posi- 
tion of  nearly  its   greatest  effort.     This   makes   a   dead   center 

•  

impossible,  and  gives  a  more  uniform  turning  moment.  Then  the 
individual  parts  may  be  made  lighter,  and  are  thus  more  easily 
h^^ndled,  but  the  engine  is  much  more  costly,  and  it  is  nearly 
twice  as  much  work  to  take  care  of  it. 

When  the  cranks  of  a  compound  engine  are  at  90°,  the  low- 

prf'ssure  piston  is  not  ready  to  receive  steam  when  the  high  pres- 

^^^  t»xliau.st8,  hence  there  must  be  a  receiver  to  hold  the  steam 

«"itu  adniissiou  occurs  in  the  low.     Such  engines  are  called  crona 

^'^inpouiul,      Fijr.   13    shows  one    form.      Sometimes    instead    of 

»»aving  tbe  cranks  at  90°  they  are  placed  together  or  opposite. 

^"♦■'n  the  strokes  l>egin  and  end  together,  and  the  high  can  ex- 

haiist  (lii^ctly  into  the  low  without  a  receiver.     Such  engines  are 

^lled  Wjolf    engines,     A  tiuidem  compound  engine,  shown    in 

''*?•  14,  has  lx>th  pistons  on  one  rod,  the  high-pressure  piston  rod 

'^^niing  the  low-pressure  tail  rod.     Such  engines  are  less  expen- 

•*^e  because  there  is  but  one  set  of  reciprocating  parts  instead  of 

^0,  but  like  simple  engines  they  have  the  disadvantage  of  dead 

pointa. 
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Triple  Expansion  Engines  expand  the  steam  in  three  stages 

Wiiteiul  of  two.     There  are  usually  three  cylindere,  the  high,  inter- 

'n<-*<Iiiite,  and  low,  arranged  with  cranks  120°  apart.     This  gives  a 

More  uniform  turning  moment  than  a  compound.    Sometimes  there 

*»re  fi)ur  cylinders  to  the  triple,  one  high,  one  intermediate,  and 

two  hm.    This  arrangement  gives  better   balance  and  is  often 

^^'J  in  marine  work. 

For  triple  engines  there  must  be  a  receiver  between  each 
two  cylinders.  Fig.  15  shows  the  essential  features  of  a  triple 
^•^I^siiision  engine. 

Quadruple  Engines  expand  their  steam  in  four  stages  instead  oi 
^^'■^e.  Multiple-expansion  engines  are  nearly  always  condensing. 
Cylinder  Utitios.  There  are  sevenil  considemtions  to  be 
'^naeinbered  when  proportioning  the  cylindei*s  of  multiple-expan- 
sion engines.  The  ratio  of  the  cylinders  should  be  such  that  each 
uev^lops  nearly  the  same  power  ;  the  drop  in  pressure  between  the 
^yliiiders  and  receivers  should  Ikj  small,  and  the  strains  in  the 
cylinders  about  equal. 

Tliere  are  many  formulas  in  use,  some  simple,  others  involy- 

^'^S'      mathematical   calcuhition.     A   common    rule   for   compound 

^*^  si  lies  is  to  make  the  ratio  of  the  cylindei-s  equal  to  tlie  square 

^'^ot  of  the  total  ratio  of  expansion.     Thus  if  the  steam  has  a  ratio 

^^    ^^IKinsion  of  9,  the  ratio  of  the  cylinder  volumes  will  be  y^~[r 

^^^^    3,  or  the   low-pi-essure  cylinder  will  have  a  volume  3  times 

**  Sreat  as  the  high-pressure  cylinder.     If  the  cylinder  ratio  is  3, 

*^^^^«'  the  length  of  stroke  is  the  same  for  both,  the  diameter  of  tlie 

^^'""pressure  cylinder  will  be  1.75  times  that  of  the  high-pressure 

cylinder. 

Another  rule  is  to  make  the  cylinder  ratio  equal  to  the  total 
•^^*o  of  expansion  multiplied  by  the  fractional  part  of  the  stroke 
**'pleted  when  cut-off  occurs  in  the  high-pressui-e  cylinder. 

Suppose  the  ratio  of  expansion  is  9,  as  above,  and  that  cut-off 
^*^f8  at  J  of  the  stroke  in  the  high-pressure  cylinder.     The  ratio 
^  <iyliiider  volumes  will  be  9  X  }  =  3.     If  cut-off  occurs  at  ^ 
^^^  stroke,  the  ratio  will  be  9  X  J  =  4.5. 

For  triple  expansion  engines  the  low  pressure  cylinder  is 
^^^lelai-ge  enough  to  develop  the  whole  power  if  steam  at  boiler 
P*^88un»  is  used. 
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The  intermediate  cylinder  is  made  appioxiniivtely  of  ii  mean 
size  between  the  high  and  the  low.     Tlie  area  of  the  intenuediate 


piston  is  found  by  dividing  the  area  of  tlie  lo\i 
square  root  of  the  ratio  of  tlie  low  to  the  high. 
We  may  write  the  above  tlius. 

Area  of  low-pn 


by  l.l  times  tlie 


Area  of  lilgh-prei.  cyl.  ^ 
Aiea  of  Inter,  cyl.  : 


Cut-ofI  of  high-|ir(!H.  X  riitiii  of  exj), 
Area  of  low-presRnre  cylinder. 
1.1  X  ^  nitlo  of  low  to  high. 


Fig.  15. 


lo  general  the  volumes  for  triple  expansion  ar<!  of  ;iboiit  the 
following  ratios,  1  representing  the  volume  of  llie  liigli  prm^mirt; 
cylinder : 

1 :  2.25  to  2.75  :  5  to  8. 

For  quadrnple-ex  pans  ion  engines  the  ratios  are  as  follows: 
1:  2  to  2.33:  4  to.'):  7  to  12. 

S^h  Speed  Ei^ines.  Of  lat«  yeara  there  liius  lieen  a  ilemand 
for  engines  of  higher  speeds  than  were  formeily  used.  It  was  fonnd 
desirable  to  nin  dynamo-electric  maLhincs  by  connt'cting  them 
directly  to  the  shftft  of  tlie  engine  rather  than  by  belts  as  before. 
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This  required  engines  running  from  200  to  1,000  revolutions 
minute  instead  of  from  60  to  90  revolutions.     Also  for  eugine 


torpeilo-ho;its,   speeds   as    }iigli   as   400    or   500    revolutions 
coniiiioii. 

Rtuining  nt  liigli  speed  requires  various  cliiuiges.    Rociprocat 
parts  must  be  made  liglit«r  tt>  reduce  tlio  vibration,  and  must 
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more  carefully  proportioned  to  maintain  balance.      Bearings  must 

be  made  very  much  larger  to  reduce  the  pressure  in  order  that  the 

friction  may  not  be  excessive  and  cause  heating.     Special  care  is 

necessary  that  bearings  should  be  tight,  since  the  least  looseness 

will  cause  knocking  and  hammering  until  the  bearing  is  ruined. 

Parts  must  be  as  simple  as  possible  and  so  arranged  as  to  need  the 

leiist  possible  attention.     In  slow-speed  engines  the  engineer  can 

watch  the  oil  cups  and  oil  any  part  while  it  is  running.     But  this 

is  innK>8sible  in  high-speed  engines,  and  special  means  must  be 

used,  to  insure  plenty  of  oil  to  the  bearings  and  the  cylinder. 

These  j)eculiaritie8  of  high-speed  engines  may  be  eiisily  seen 

in  anj"  engine  for  electric  lighting,  for  running  fans,  etc.     It  is 

also   necessary  that  the    speed    of   engines    for   funning  electric 

generators  should  be  very  steady,  as  the  slig  lest    hange  in  the 

sjK'etl  make  the  liglits  flicker.     The  fly  wheels .&  *i.  therefore,  larger 

or    heavier    than    for  other  types  and   the  'go.  ^rnors  are   made 

specially  sensitive.     Fig.  16  shows  a  horizontal  high-speed  engine 

with  the  working  parts  encased.      Fig.  17   shows  a  vertical  high 

sjKfed. 

For  any  double-acting  engine,  that  igi,  for  any  engine  m  which 

the  steam  acts  first  on  one  side  and  then  on  the  other  side  of  the 

piston,  the  piston  first  pushes  and  then  pulls  on  the  coimecting  rod 

and  crank.     At  each  half  revolution  of  the  crank  the  direction  of 

the  pressure  reverses.     It  is  this  change  of  pressure  which  causes 

tlie  pjunding  if  the  bearings  are  at  all  loose.     This  is  one  of  the 

greatest  troubles  with  high-speed  engines.     In  order  to  avoid  these 

rapid  reversals  in  pressure,  single-acting  vertical  engines  are  used 

to  a  considerable  extent.     In  such  engines  the  steam  is  admitted 

only     to    the    head    end    of    tlie    cylinder.         The    other    end 

stands  open.     The  connecting  rod  is  in  compression  throughout 

the  whole  revolution  instead  of  being  first  in  compression  and  then 

in  tension.     Besides  insuring  that  the  piston  shall  always  push, 

this  arrangement  simplifies  the  valves. 

There    are   seveial   good    single-acting,  high-speed   engines. 

One  of  the  earliest  made  was  introduced   by  Brotherhood.     He 

used  three  cylinders,  set  around  the  sliaft  120°  apart.     Another 

well-known  example    is    the   Willans   "central   valve"   engine. 

These  are  both  English  engines.     A  well-known  American  engine 
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of  this  type  is  the  WestUigliouse  high-speed  engine,  a  section  c 
which  is  shown  in  Fig.  18. 

Yfrlical  and  MorizonteU  Engine»,     At  the  present  time  the 
most  common  type  of  engine  is  the  homontfll  direct-acting,  thaH 


is,  an  engine  whose  cyltndei'  is  Iiorizoiital  and  whose  piston  (icts  oH 
the  crank  tlirough  »  piston  rod  and  connecting  rod.  In  small 
engines  the  whole  is  often  on  one  bed  plate.  Such  engines  are 
called  self  contained.  The  cylinder  is  either  bolted  to  the  back 
of  the  bed  plate  or  rests  directly  on  it. 

In  marine  work  vertical  engines  are  used  in  almost  every 
The  reason  for  this  is,  of  course,  the  saving  of  floor  space,  whicli 
is  so  important  in  a  vessel.     Tliis  saving  of  s^mce,  however,  is  also 
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very  important  in  many  cases  such  as  in  crowded  engine  rooms 
of  cities  where  land  is  expensive,  and  as  there  are  a  number  of 
advantages  which  vertical  engines  have  over  horizontal,  they  are 
coming  largely 'into  use  in  stationary  practice. 

A  second  advantage  of  the  vertical  over  the  horizontal 
engine  is  the  reduction  of  cylinder  friction  and  unequal  wear  in 
the  cylhider  of  the  latter.  In  the  horizontal  engine  the  piston  is 
generally  8up{)orted  by  resting  on  the  cylinder,  which  is  gradually 
worn  until  it  is  no  longer  round.  This  causes  leakage  of  steam 
from  one  side  to  the  other.  Evidently  this  is  entirely  avoided  in 
the  vertical  engine. 

Still  another  advantage  of  the  vertical  engine  is  the  greater 
ease  of  balancing  the  moving  parts  so  that  there  shall  be  no  jarring 
or  shaking.  It  is  impossible  to  perfectly  balance  a  steam  engine 
of  one  or  two  cylindei-s.  If  it  is  balanced  so  that  there  is  no 
tendency  to  shake  sidewise,  it  will  shake  endwise ;  and  if  it  is 
balanced  endwise  it  will  shake  sidewise.  The  jarring  is  due  to 
the  back  and  forth  motion  of  the  reciprocating  parts  and  the 
centrifugal  force  of  the  crank  and  connecting  rod.  The  crank 
can  Ije  reivdily  balanced  by  making  it  extend  as  far  on  one  side  of 
the  shaft  as  it  does  on  the  other,  but  the  piston  and  connecting 
nxl  are  more  difficult  to  balance.  We  can  greatly  reduce  the 
effect  of  jarring  if  we  balance  the  ciank  and  make  the  end- 
wise throw  come  in  line  with  the  foundation,  which  should  l)e 
heavy  enough  to  absorb  the  vibration  transmitted.  In  a  horizontal 
engine  this  endwise  throw  not  being  in  line  with  the  foundation 
will  cause  vibration  in  the  engine  itself. 

In  machines  that  can  be  anchored  down  to  a  massive  founda- 
tion a  state  of  defective  balance  only  results  in  straining  the  parts 
and  causing  needless  wear  and  friction  at  the  crank-shaft  bearings 
and  elsewhere,  and  in  communicating  some  tremor  to  the  ground. 
The  problem  of  balancing  is  of  much  more  consequence  in  loco- 
motive and  marine  engines. 

To  sum  up  the  general  advantages  of  vertical  engines :  they 
have  less  cylinder  wear,  they  take  up  less  floor  space,  and  they 
can  bo  l>etter  balanced.  In  addition  to  these  there  are  certain 
advantages  which  vertical  engines  have  for  certain  kinds  of  work. 

The   disadvantages  of  vertical  engines  are  {is  follows:  The 
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pressure  on  the  cmnk-pin  is  greater  during  the  doicn  stroke 
tlmn  during  t!ie  up  stroke  because,  dining  the  down  stroke  the 
weight  of  tlie  i-ecipraciitiiig  puits  is  added  to  the  steam  pressure, 
and  during  the  up  stmke  this  weight  is  subtracted. 


Another  dirticnlty  is  that  in  hirfje  oiifjines  the  varions  [tarts, anj 
on  such  diffi;rL'nt  luvels  that  they  rcquiri;  cnnsidoriihle  clinihiiif^. 
This  rt'i^uiivs  moro  attendants  ami  is  suniedmes  tlie  cjiuse  for  m'gloft 
of  the  uiigino. 
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The  foundations  for  vertical  engines  generally  need  to  be 
ieeper  than  those  for  horizontal  engines.  At  the  same  time,  how- 
ever, they  need  liot  be  as  broad. 

Marine  Engines,  The  first  steam  vessels  were  fitted  with 
paddle-wheels,  and  as  beam  engines  were  the  most  common,  this 
fonn  of  engine  was  used.  Its  construction,  however,  was  some- 
what modified  for  this  service.  This  arrangement  of  beam  engine 
and  paddle-wheel  was  used  for  many  years  and  was  applied  to 
octiui  vessels  as  well  «a«  to  small  river  boats.  It  is  still  used, 
especially  in  this  country,  on  river  steamers  and  some  coast 
Bteaniers.  The  beam  is  supported  by  large  A  frames  on  the 
deck,  and  the  engines  are  about  on  a  level  with  the  shaft. 

Engines  of  this  type  tiike  up  rather  more  room  than  those 
now  in  common  use,  partly  because  of  great  size,  and  also  be- 
cause of  the  shaft  and  paddle-wheels.  Another  disadvantage 
18  that  in  heavy  weather,  when  one  paddle-wheel  is  thrown  out 
of  water  the  other  is  deeply  immersed  and  takes  all  the  strain, 
80  that  there  is  a  tendency  to  rack  the  boat.  Then  again  if  the 
"oat  is  loaded  heavily  the  paddle-blades  are  very  deeply  immersed 
^hiJe  if  light  they  barely  touch  the  water.  It  is  hard  to  handle 
*"e  engines  satisfactorily  under  both  conditions. 

The  introduction  of  the  screw  propeller  overcame  these  diflfi- 

^^'ties  very  largely  and  at  the  same  time  required  a  much  faster 

^^nning  engine.     At  first,  the  increased  speed  was  supplied  by  the 

^  of  spur-wheel  gearing,  but  gradually  higher  speed  engines  were 

"•^iit  and  connected  directly  to  the  propeller  shaft.     It  was,  of 

coui^e,  difficult  with  small  width  at  each  side  of  the  shaft  to  use 

^•^•Hzontal   engines,  therefore   various   arrangements   of   inclined 

^^gines  were  used  before  the  vertical  engine  was  finally  chosen 

.    hU  as  the  standard  form  for  marine  work.     It  is  only  in  recent 

y^^rs  that  the  vertical  engine  has  become  general  in  naval  work 

*^^4  in  merchant  steamers. 

In  merchant   ocean  steamers   the  common  form   has   three 

cylinders  set  in  line,  fore  and  aft,  above  the  shaft.     The  cmnks  are 

^*-0°  apart,  to  give   a  very  even   turning   moment.     The  three 

cylinders  are  worked   triple   expansion.     The  valves  are  usually 

P^^ton  valves  on   the  high  and   intermediate,  and  double  ported 

wide  valves  on  the  low.    Sometimes  piston  valves  are  used  on  all 
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the  cylinders.  Plain  slide  valves  are  not  suitable  for  high- 
pressure  work  of  any  kind. 

For  engines  on  ocean  vessels  it  is  necessary  to  use  surface 
condensers  in  order  that  the  same  water  may  be  used  over  and 
over  again.  If  it  were  necessary  to  take  in  sea-water  for  the 
boilers  they  would  soon  become  clogged  with  the  salt  and  require 
cleaning.  Surface  condensers  for  marine  work  are  generally  made 
up  of  a  large  number  of  brass  tubes  of  from  J  inch  to  1  inch  in 
diamctei.  In  some  cases  tlie  cold  water  is  forced  to  flow  through 
the  tubes  while  the  steam  comes  in  contact  with  the  outside  of  the 
tubes. 

In  any  marine  plant  there  are  four  special  pumps.  The  first 
is  the  air  pump  for  the  condenser.  This  is  usually  made  large 
so  that  in  case  there  is  a  leak  in  the  condeiitscr  it  can  take 
charge  of  the  water  even  if  it  becomes  necessary  to  run  as  a  jet 
instead  of  a  surface  condenser.  The  second  is  the  feed  pump  for 
the  boilers.  The  third.is  the  circulating  pump,  which  forces  the 
current  of  cold  water  through  the  condenser.  The  last  is  the  bilge 
pump,  which  pumps  out  water  that  gathers  in  the  bilge  of  the 
ship  by  leakage  or  otherwise.  In  case  of  a  serious  leak  all  the 
pumps  can  be  made  to  pump  from  the  bilges.  In  some  old  ty|)es 
all  these  puini)S  were  worked  from  the  main  engine ;  genendly, 
however,  the  feed  pump  and  the  circulating  pump  are  separate, 
as  also  the  bilge  pump.  The  circulating  pump  is,  in  many  modern 
engine  rooms,  of  the  centrifugal  ty[)e. 

Locomotive  Engines,  Of  all  steam  engines  the  most  ineffi- 
cient is  the  steam  loc^omotive.  In  the  first  place,  the  l)oiler  must 
l)e  forced  so  hard  that  the  products  of  combustion  piiss  off  at  a 
veiy  high  temi)erature  and  consequently  carry  away  a  great  deal 
of  heat.  Bits  of  entirely  unburned  or  partially  burned  coal 
are  drawn  through  and  wasted. 

In  the  second  place,  the  boiler  is  exposed  to  great  loss  of  heat 
by  radiation.  Although  its  surface  is  lagged,  it  cannot  be  very 
effectively  covered,  and  the  wind  takes  away  a  great  deal  of  heat. 

Mechanically  also  the  locomtive  is  very  imperfect.  In  most 
good  steam  engines  the  efficiency,  that  is  to  say,  the  ratio  of  the 
elective  horse^power  to  the  developed  horse-power  is  fully  ^  or  90 
per  cent.     In  the  locomotive  this  ratio  was  shown  to  be  about  tt3 


THE    STEAM    ENGINE.  29 

per  cent  by  two  independent  tests.  This  is  in  part  due  to  the 
special  difficulties  in  locomotive  construction,  but  the  principal 
losses  are  those  caused  by  radiation  and  the  escape  of  heat  from 
the  stack. 

As  to  locomotive  boilers,  Mr.  Forney  says,  "  The  weight  and 
dimensions  of  locomotive  boilers  are  in  nearly  all  cases  determined 
by  the  limits  of  weight  and  space  to  which  they  are  necessarily 
confined."  It  may  be  stated  generally  that  within  these  limits  a 
locomotive  boiler  cannot  be  made  too  large.  In  other  words, 
lx)ilers  for  locomotives  should  always  be  made  as  large  as  possible 
under  the  conditions  that  determine  the  weight  and  dimensions  of 
the  locomotives. 

There  are  certain  types  of  locomotives  common  in  American 
practice  which  have  special  names.  The  eight- wheel  or  '*  Ameri- 
can" passenger  type  of  locomotive  has  four  coupled  driving-wheels 
and  a  four-wheeled  truck  in  front.  The  ''  ten-wheel "  type  has 
six  coupled  drivers  and  a  leading  four-wheel  truck.  This  type  is 
used  for  both  freight  and  passenger  sei-vice.  The  "  Mogul "  type 
is  used  altogether  for  freight  service ;  it  has  six  coupled  drivers 
and  a  two-wheel  or  pony  truck  in  front.  The  "Consolidation" 
type  is  used  for  heavy  freight  sei-vice.  It  has  eight  coupled 
driving-wheels  and  a  pony  truck  in  front.  There  are  also  a  great 
many  special  types  for  special  purposes.  In  switch-yards  a  type 
of  engine  is  used  wliich  has  four  or  six  drivers  with  no  truck. 
The  Forney  tyj>e  has  four  coupled  driving-wheels  under  the 
engine  and  a  four-wheel  truck  carrying  the  water-tank  and  fuel. 
This  type  is  used  on  elevated  roads  largely.  ''  Decapod"  engines 
are  a  type  used  for  heavy  freight  service,  having  ten  coupled 
driving-wheels  and  a  two-wheel  truck  in  front.  A  tank  engine 
is  one  which  carries  the  feed  water  in  tiinks  on  the  engine  itself 
instead  of  in  the  tender,  as  in  other  engines.  The  various  different 
forms  are  too  numerous  even  to  name. 

There  has  been  some  effort  made  to  introduce  compounding 
in  locomotive  practice.  It  has  in  some  cases  been  very  successful, 
especially  for  express  trains.  A  committee  of  the  American 
Railway  Master  Mechanics  Association  says  of  compounding : 

^  (a)     It  has  achieved  a  saving  in  the  fuel  burnt,  averaging 
18  per  cent  at  reasonable  boiler  pressures. 
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(&)  It  has  lessened  the  amount  of  water  to  be  handle. 

(c)  The  tender  can,  therefore,  be  reduced  in  size  and  weight. 

(d)  It  has  increased  the  possibilities  of  speed  beyond  sixty 
miles  per  hour,  without  unduly  straining  the  engine. 

(e)  It  has  increased  the  haulage  power  at  full  speed. 

(f)  In  some  classes  of  engines  it  has  increased  the  starting 
power. 

(^)  It  has  lessened  the  valve  friction  per  horse-power 
developed." 

A  number  of  other  reasons  are  given  in  their  report. 

In  opposition  to  this  may  be  mentioned  the  extra  first  cost  of 
the  engine  and  the  cost  of  maintaining  a  more  complicated 
machine.  It  is  much  more  work  to  keep  it  in  repair  and  many 
engineers  are  of  the  opinion  that  the  saving  in  fuel  is  only  sufficient 
to  offset  these  extra  expenses.  If  the  engine  is  running  under 
steady  load,  the  compounding  will  effect  a  great  saving ;  but  in 
many  parts  of  the  country  the  load  varies  constantly,  due  to 
grades  in  the  road. 

We  shall  learn  later  that  a  compound  engine  cannot  work 
efficiently  under  light  load.  If  the  grades  are  first  up  and  then 
down,  the  simple  engine  is  the  more  economical.  For  a  steady  up- 
grade the  compound  is  more  economical,  as  it  can  be  run  steadily 
under  full  load.  This  is  especially  true  in  mountain  districts, 
where  the  long  up-grades  and  scarcity  of  fuel  and  water  make 
ideal  conditions  for  compound  locomotives.  Through  freight  ser- 
vice probably  offers  the  widest  field  for  success  with  these  engines. 

It  has  already  been  said  that  it  is  difliicult  to  balance  an 
engine  completely.  This  defect  is  very  much  greater  in  locomo- 
tives than  in  stationary  engines.  Lack  of  balance  in  a  locomotive 
results  in  serious  pounding  of  the  track.  Also  there  is  danger  of 
flattening  and  breaking  the  wheels,  and  the  rails  may  be  seriously 
damaged. 

Pumpmg  EngineB,  The  fii^t  steam  engines  built  were 
pumping  engines  and  today  the  most  economical  engines  are 
those  built  for  this  work. 

In  pumping  engines  it  is  not  absolutely  necessary  to  have  a 
revolving  shaft.  All  that  is  required  is  that  the  piston  in  the 
pump  cylinder  shall  be  driven  back  and  forth  with  a  plain  recipro- 
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itng  motion  which  may  lie  exactly  like  tluit  I'f  the  sttmm  piston. 
t  tluB  teaiM)n,  in  early  [iiimpiiig  engines  and  hIso  in  many  modern 
igines  Iho  rcciproculing  motion  nf  t)ie  ste;ini  piston  is  applied 
Enctly,  or  Uin>ngli  a  I>eam,  U>  pnnhioe  the  recipiwciitiiig  motion 
iftligpamp  piuton  or  plunger  without  the  use  of  any  revolving 
pit  Frequvntly,  however,  it  is  d<*siniij|tf  to  iise  a  fly  wheel  so 
llm  Eteam  may  be  used  expanaively.  and  in  these  CRses,  of 
K,B  n-volving  shaft  must  he  need.  Fig.  Iff  shows  a  [lOwer 
pop. 

Kor  dfcp-well  or 

I  painping,    the 

tfbndi-re  aiv  often  set 

in  tTertical  pusitlon 

bwtlyoverthepump 

rlimW.    The  piston 

kI  titeod'i  from  thi> 

cylind«?rdii'ett- 

below  Ui  the  pump 

anger.    Soinetinn/s 

ti  pueeihie  tn    iim- 

expansively  in 

R  pQinps  hy  re4i- 

ol  Uie  weight  of 

'l>i)  rceiprocaliiifr 

PUtL     Whvn     the 

•eiglit  ia    suflieient. 

■•Sstttoican  he  rut  j-,,.  j,, 

•*  liefore  the  end  of 

"Wstrnkc  and  the  momentum  of  the  jiarts  will  he  enough  to  jnat 
'^li  the  stroke,  consequently  these  pumps  are  sometimes 
**iponnded.     They  are  jwesihle  only  in  pumping  fi-oin  very  deep 

Oirtet-actini/  St^dm  J'urnjiif.  Kly  wheel  pumps  hiive  one  dis- 
*^tage,  if  rnn  tiw  slowly  the  momentum  of  the  fly  wheel  is 
"Wmfficient  to  carry  it  hy  the  dead  centers ;  if  run  too  fiust  the 
■*»W1  i»  in  danger  of  bumting.  A  fly-wheel  pump  can  be 
to  discbarge  a  email  amount  of  M'ater  by  means  of  a  by 
I"*  Tllrv,  but  (if  coorse  It  tlieu  runs  at  a  disadvantage. 
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The  iHrt-'i;trai-tiitg  stetttn  pump  sliown  In  Fig.  20  luut  the! 
Bteiim  [lisioii  )iC  one  end  iif  ii  rod  and  tlie  water  |iisUm»t  Uienilierl 
end.  The  steam  pressure  acU  dii'ectly  on  the  piston ;  iin  llj  I 
wheel  is  used,  and  siiiee  thft  i-ecipr(ieivting  piirlti  are  (.'(tm{>araliv«l]fa 
light,  and  thiireisiioi-evolviiigmass  to  carry  by  the  Jead  potnts.it ifl 
evident  that  in  the  ordiiinry  form  there  can  !»  no  expuntiioii  ol 
Bteiiin.  Tiio  [lUMip  is  inexpensive  and  gives  a  positive 
It  uses  a  great  quantity  of  Bteaio  relatively.  Ixit  for  mtiiill  von 
tho  ahsulnte  amount  is  not  very  great.  Even  in  larger  ei^iiffl 
tiio  lighter  foundations  that  ai-e  possible  and  the  slight  riisn-wt 


A  rockt'V  nr  helt-cnuik  lever  on  the    pistnu   rnd   dioti-b  iI* 
Rteani  valve  and  admits  steam  to  the  other  side  of  tho  pistiiii  whilA 
ojiening  the  first  side  to  exlmiist.     In  liuge  puni[>s  ot  thU  li 
and  even  in  some  small  ones,  this  motion  merely  admifa  ste 
a  »ni]dl  auxiliary  piston  whinli  then  moves  the  main  sttram  ' 
by   steam   pressure.      Some  pumps  operate  the  steam  Tolve  by 

s  of  a  tappet  instead  of  a  rucker  and  beU-cr»Dk  lisver. 

There  have  been  various  devices  trieil  for  using  aleam  nxpt 
sively  in  these  direct-acting  piimi>»  witbouL  the  use  of  a  fly-whi 


[till  whuA 
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In  order  to  do  thifl  it  is  necesaaiy  to  provide  some  means  of  storing 
energy  during  the  early  part  of  tlie  stroke  and  returning  it  during 
tl.e  latter  part,  when,  owing  to  the  expansion,  the  pressure  of  the 
steam  is  less.  One  such  device  is  as  follows:  a  crosshead  A, 
(F'ig.  21)  fixed  to  the  piston  rod  is  connected  to  the  plungers  of  a 
jiair  of  oscillating  cylinders  B 
B,   which    contain    water   and 

communicate    with  a    reservoir  ^-^-^  a  * 

full  of  air  compressed  to  about  $\Ql^ 

300   pounds   \>ei  square    incli.  /C^ 

When  the  stroke  (which  takes 
]>lace  ill  the  direction  of  tlie 
arrow)    begins,  these  plungers 

are   first    forced  in,  and  hence  ^(O) 

work  is  at  firstdone  on  the  main 
piston  rod,  through  the  com- 
pensating cylindere  B  B,  on 
the      compressed    air     in    the 

reservoir.  This  continues  uutil  the  crosshead  has  advanced  so 
tliat  the  oscillating  cylinders  stand  at  right  angles  to  the  line  of 
stroke.     Then  for  the  remainder   of   the   stroke    their   jilungers 


FiK,  22. 
assist  in  driving  the  main  piston,  and  the  compressed  uir  gives  out 
the  energy  which  it  stored  in  the  earlier  portion. 


Tl»€  Jhiplisr  Htam  puntp  cfmsists  simply  of  two  direcUcdng 
steam  pumps  place<i  side  by  side,  as  shown  in  Fig.  22.  On  die 
piston  rod  on  one  side  is  a  beH-nrnnk  lever  wliicli  operates  the  nlie 
of  the  odier  pump.  On  the  further  piston  rod  is  a  rocker  arm  wbicl 
moves  the  v-ilves  of  the  first  pump.  There  must  be  a  rocker  on 
one  aide  and  a  bell-crank  lever  on  tlie  other  because  of  tlie  reUlive 
motion  of  the  valves  and  pistons.  The  first  piston,  as  it  goes  fc»^ 
WKrd,  must  use  a  rocker  because  it  draws  the  second  \a.he  bck. 
The  second  piston,  as  it  goes  back,  must  use  a  beU-crank  lev« 
because  it  must  push  the  first  valve  back  in  the  sat,ie  direcliora  u 
its  own  motion.  The  two  pistons  ai«  iiiiule  to  work  a  lisU-stroke 
apart.     Thus   one    begins   its  stroke   when  the  other  is  in   th« 


Fie.  23. 


middle.     In   this    wjiy  a  steadier  flow  of   water  i.s  oht-iimd. 
lK>th  pui»iis  disi'lianje  Into  the  siinie  delivery  pipe.     The  pii^^™ 
ni;u'  l>e  nuide  com[>ound.     A  sectional  view  of  the  pump  issli^* 
in  Fig.  23. 

CorUsg  Enijinet.     In  lai^e  engines  a  common  way  of  re0, 
luing  the  steiim  supply  is  by  changing  automatically  the  point 
the  stroke  of  tlie  piston  at  which  the  steam  is  cut  off.     Thi^ 
fivquently  aocomplislied  by  using  some  trip  gear  similar  to  the  " 
firet  introduced  by  Geo.  Corliss.      These  gears  are  called  Corl  * 
gears.     In  tlie  Corliss  gear  there  Is  a  separate  admission  vaJ 
and   a  separate  exhanst  valve  for  each  end  of   the  evlinder,      * 
sliown  in  Fig.  34.     The  exhaust  valves  are  opentnl  and  closed    '  ' 
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the  notion  of  rods  or  cranks  connected  to  them.  The  admission 
^^ves  are  opened  in  the  same  way,  but  they  snap  shut  by  thein- 
selre:  wlien  the  piston  has  reached  a  certain  point  of  its  stroke. 
This  point  will  vary  with  the  position  of  the  governor,  which  in 
turn  depends  on  the  speed  of  the  engine.  Tbeee  Corliss  engines 
(^nnuot  be  run  at  high  speed  because  the  trip  gear  requires  some 
time  to  act. 

The  valves  of  Corliss  engines  turn  in  hollow  cylindrical  seats 
wliich  extend  across  the  cylinders.     A  wrist  plate  which  turns  oil 


Fig.  24. 


'  pill  on  the  outside  of  the  cylinder  receives  a  motion  of  oscillation 
'rani  an  eccentric  and  opens  the  valves  by  means  of  the  rod  cou- 
''**tioii8.  When  the  piston  has  reached  a  point  where  the  steani 
'iioiild  be  out  off,  the  trip  gear  is  held  in  sucli  a  position  by  the 
S^'Vemor  that  it  releases  the  valve,  which  now  springs  shut  under 
'te  action  of  the  dash-pot.  The  admission  valve  to  the  other 
"de  of  the  cylinder  is  controlled  in  exactly  tlie  siime  way. 

The  admission  valves  are  generally  placed  at  the  top  (ind  the 
eihaogt  valves  at  the  bottom  of  the  cylinder.  Any  water  which 
loaybe  formed  by  steam  condensing  can  readily  drain  off  by  this 
srrangement.  There  are  a  great  many  modifications  of  the  Cor- 
^  gear.     Fig.  25  is  a  Harris  Corliss  Engine. 

The  advantage  of  the  Corliss  gear  is  the  great  range  through 


THE    STEAM    ENGINE.  37 


which  the  cut-off  can  be  varied,  from  very  early  to  very  late  in 
the  stroke.  Another  great  advantage  is  the  quick  action  wliich 
Ttduces  wire-drawing.  To  understand  fully  tlie  loss  caused  by 
win^.drawing  requires  a  knowledge  of  higher  mathematics. 

CONDENSERS. 

When  low-pressure  steam  is  cooled  it  gives  up  its  latent  heat; 
that  is,  it  changes  from  a  vapor  to  a  liquid.  We  know  tliat  a 
liquid  occupies  much  less  space  than  an  equal  weight  of  vapor ; 
hence,  by  changing  the  steam  to  Avater  the  pressure  is  greatly 
educed.  By  cooling  the  steam  in  the  cylinder  in  front  of  the 
put.n  the  back  pressure,  or  resistance,  is  decreased.  Tliis  reduces 
the  pressure  necessary  to  push  the  piston  through  the  stroke, 
therefore  less  steam  is  required  to  do  the  work.  This  cooUng  is 
accomplished  by  some  form  of  condenser. 

There  are  two  types  of  condensers,  surface  and  jet.     A  sur- 
face condenser  is  one  in  which  the  steam  pjisses  through  pipes 
surrounded  by  water  or  the  water  flows  through  pipes  surrounded 
'^J' steam.     In  the  jet  condenser  the  steam  is  condensed  by  coming 
^^  contact  with  cold  water,  which  enteis  as  spray.     In  both  tyi^ts 
^'^e  steam  is  condensed  to  water  and  a  partial  vacuum  is  formed, 
^'cause  water  occupies  much  less  space  than  does  an  equal  weiglit 
^f  steam.     If  it  were  not  for  the  air  in  the  entering  steam  there 
^^''>uld  be  an  almost  j)erfect  vacuum.     For  this  reason  every  con- 
**enser  is  fitted  with  an  air  pump  to  remove  this  air  and   the 
^^ndensed  steam. 

Surface  Condensers,  The  condenser  sliown  in  section  in 
*^ig.  26  is  a  common  form  of  the  surface  type,  in  which  th<* 
•^^i"  pump  and  circulating  pump  are  both  direct  acting  and  are 
operated  by  the  same  steam  cylinder.  The  cold  condensing  wau  i 
^'"^  drawn  from  the  supply  into  the  circuhiting  or  water  ])un»[). 
^liis  pump  forces  the  water  up  through  tlie  valves  and  water  inlet 
^  the  condenser.  It  flows,  as  indicated  by  the  arrows,  thioiiLrli 
fte  inner  tubes  of  the  lower  section,  then  back  throngh  tlic  space 
^tween  the  inner  and  outer  tubes.  The  water  then  passes  uj)- 
^*ard  and  through  the  upper  section,  as  it  did  in  the  lower.  It 
tiien  passes  out  of  the  condenser  through  the  water  outlet,  taking 
idth  it  the  beat  it  has  received  from  tlie  steam. 


fi07 


THE    STEAM    ENGINE. 


The  exhaust  steam  from  tlie  engine  enters  at  the  exhaagt 
inlet  and  comes  in  contact  with  the  perforated  plate,  wliich  scatters 
it  among  the  tubes.  Tliis  metliod  protects  the  upper  tubing  from 
the  effect  of  direct  contiict  w  th  tlie  exhaust  steam  The  «team 
expanding  in  the  conih'nser  conies  in  contict  with  the  cool  tubes, 


tln-nij^li  which  cold  water  is  circuhiting.  and  condenses.  The  air 
piiinp  diTtivs  the  air  ;inil  condensed  steam  out  of  tlie  condenser 
and  tliiis  niiiintaini;  a  piirtial  vacuum.  This  causes  the  exhaust 
steam  in  the  engine  cylinder  to  be    drawn  into   the  condenser. 
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The  condensed  exhaust  steam  collects  at  the  bottom  of  the  con- 
denser, is  drawn  into  the  air  pump  cylinder  and  is  discharged 
while  heated  to  the  hot  well  of  the  boiler.  The  use  of  this  hot  water 
as  feed  water  is  a  considerable  saving ;  but  the  great  advantage 
of  the  condenser  is  the  reduction  in  back  pressure. 

Hot  water  cannot  be  used  by  an  ordinary  pump  as  well  as 
cold  water  because  of  the  pressure  of  the  vapor  which  arises  from 
the  hot  water.  In  the  condenser  shown,  the  water  and  air  pumps 
are  run  by  the  piston  in  the  steam  cylinder.  Sometimes  these 
pumps  are  connected  to  the  main  engine  and  receive  motion  from 
the  shaft  or  crosshead. 


Fij;.  27. 

The  general  art^ngenient  of  the  sui-face  condenser  with  the 
necessary  pumi>s  is  shown  in  Fig.  27.  The  cooling  water  enters 
through  the  pipe  K,  and  flows  to  the  circulating  pump  R,  which 
forces  the  water  into  the  condenser  tlirough  the  pipe  L.  In  case 
the  water  entera  the  condenser  under  pi-essure  from  city  mains  no 
circulating  pump  is  necessary.  After  flowing  tlirough  the  tubes  it 
leaves  the  condenser  by  means  of  the  exit  M,  and  flows  away. 
Exhaust  steam  enters  at  S,  and  is  condensed  by  coming  in  contact 
with  the  cold  tubes ;  the  water  (condensed  steam)  tlien  falls  to 
the  bottom  of  the  condenser  and  flows  to  the  air  pump  B  by  the 
pipe  E.  The  air  pump  removes  the  air,  vapor  and  condensed 
Bteam  from  the  condenser  and  forces  it  through  the  pipe  N  into 
the  hot  well,  from  which  it  goes  to  the  boilers  or  to  the  feed  tank. 
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The  cii-cuktiiig  pump,  wlieii  seiiarate  from  tlie  eondensi-r,  is 
usually  of  tin;  centrifugal  type.  This  pump  consists  of  a  fan  or 
wliecl  wliieli  in  nuule  u^)  of  a  central  welj  or  hull,  and  arms  or 
vanes.  This  pump  is  shown  in  Fig.  28.  The  vitni'S  tu-a  curved, 
and  as  the  water  is  drawn  in  at  tJie  central  [mrt  the  vanes  throw 
it  off  at  tho  cii-cumference.  A  suitable  ca.'ting  directs  the  flow. 
Tliis  type  of  pump  Ls  advaiitageouis  because  tlieit!  are  no  valves 
to  get  out  of  onlur,  and  as  the  lift  is  little,  if  any,  the  pump  will 
diseiiarge  a  lai^  vnhime  of  water  in  a  iiejuly  consttiut  sti^am. 
The  circutntuig  pump  is  usually  so  placed  that  the  water  flows  to 
it  under  a  slight  head.  The  pump  is  driven  by  an  iudeitendent 
engine  eo  that  the  cii-culating  wat«;r  may  cool  tlie  condenser  even  if 
the  main  engine  is  not  working. 
The  centrifugal  pump  works 
more  smoothly  and  with  less 
trouble  than  an  oi-diniiiy  forae 
pump,  because  it  is  mit  recipro- 
cating and  it  has  ur)  valves. 

Jet  amdens,TK.  Fig.  29 
shows  Ih.^  longitudinal  section  of 
an  iridfpcndi'nt  jet  rondL-nser 
with  the  puni]).  The  eohl  water 
used  to  condi-iisi'  the  siciini 
entera  at  A,  passes  down  the 
spray  pipe  II,  and  is  brohen  into 
a  fine  spray  by  means  of  llic  spray 
cone  ('.  This  ai-lion  insiin's  a 
the  slt-ani  ami  water  and  .■..ii> 
The  exhaust  steam  ontei-s  at  1>,  w 
whieh  is  imparted  to  the  watei'. 


nxiM  anil   tli. 

Hdiigli    iniximj  iif 

s..,|ii,.Mtlj  ii   la 
■ith:icotii[)anili 
.     Till.  »-liolo  I 

].i.l    c..i.,lri.s:,li,.ii. 
voly  liiflli  v.-liidty, 
nixtnrc!  of  water. 

Steam  and  vapor  i)asst'S  at  high  vt'loi-ity  through  the 
chandKT  F  to  llie  pump  cylinder  F.  The  piniip  forees  this  wate 
to  tlie  ].ipe  <;.  Tlie  spray  cone  is  adjusted  by  the  stem  whie 
passes  throngl.  the  stnlliTig  Ik>x  at  llie  top  of  the  eomleiiser.  Th 
valves  are  shown  at  II  and  K.  Tiie  steam  end  of  the  pump 
L.      .Motion  of  til.-  valve  is  produced  by  the  ro,-ker  arm  J. 

In  Fig.  :il)  a  jet  eondmser  is  .sli.iwn  eoiineeted  to  a  •■^tationar 
engine  and  Itoiler.  Tlie  exhaust  pi[ie  leads  from  the  engine  t<.>  th 
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condenser,  the  arrows  indicating  the  direction  of  flow.  Cold  water 
enters  the  condenser  through  a  pipe  connected  to  tlie  well.  Part 
o{  the  mixture  of  exhaust  steam  and  condentaed  water  goes  to  the 
feed-water  heater,  which  is  kept  nearly  full ;  the  rest  pasises  to  the 
sewer.  The  heat«r  ia  placed  a  little  above  the  feed  pump,  so  tliat 
the  water  will  enter  the  pump  under  a  slight  liead,  because  the 
[innip  cannot  raise  water  warmed  hy  exhaust  steuni  sis  readily  as 
cold  water. 

The  surface  condenser  is  used 
almost  universally  in  marine  pi-actice. 
Its  first  cost  is  more  than  that  of  the  jet 
condenser  and  it  requires  more  c 
ing  water,  but  it  iiUows  only  the  cou- 
den^^ed  steam  to  return  to  the  boiler. 
It  is  also  used  in  stationary'  work  when 
the  condensing  water  is  very  im]iuip. 
The  jet  condenser  is  not  adapted  for 
marine  work,  as  it  pumps  both  the 
condensing  water  and  the  condensed 
steam  to  the  hot  well.  Hence,  if  wiilt 
water  or  water  conlaining  lime  ia  used, 
it  will  enter  the  boiler  and  form  sed- 
iment and   scale.      This    type    is    used 


FiR.  29. 
where   fresh    and   moderately    pure    water     is    available. 

It  has  been  mentioned  before  that  Watt  always  condensed 
the  exhatiat  steam  from  his  engines,  and  that  when  higlier  pres- 
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8ures  came  into  use  some  makers  let  the  steam  discharge  into  the 

atmosphere.      This  leads  to  the  distinction  between  condensing 

and  Doncondensing  engines*      Both  types  are  in  conmion  use,  but 

the  condensing  engines  are  much  more  economical  than  the  non- 

coodensing,  as  far  as  fuel  is  concerned ;  but  to  condense  the  steam, 

considenible  water  is  necessary,  and  condensing  engines  cost  more 

and  require  more  care.     Consequently  in  some  cases  it  is  quite 

^  economical,  all  things  considered,  to  use  the  noncondeasing 

engine. 

COOLING  T0WER5. 

It  sometimes  happens  that  it  is  impossible  to  place  a  steam 
plant  in  close  proximity  to  a  natural  water  supply.     In  such  cases 
the  water  necessary  for  the  condenser  (the  circulating  water)  is 
♦expensive,  and  if  the  cost  is  very  great  it  does  not  pay  to  add  the 
condenser,  because  the  cost  of  the  circulating  water  might  more 
^^  offset  the  gain  from  condensing.     If,  however,  some  means 
could  be  provided  whereby  the  circulating  water  as  it  issues  from 
the  condenser  could  be  cooled  and  then  used  over  again  in  the 
condenser,  the  noncondensing  engine  could   then   be   run    con- 
densing; thus  taking  advantage  of  all  the  benefits  due  to  the  use 
^f  reduced  back  pressure  and  heating  of  the  feed  water.     Tliis  has 
^cn  attempted  by  conducting  the  heated  discharge  water  to  a 
F'cnd,  where  it  is  allowed  to  cool  to  a  lower  temperature  before 
^i^g  used  again.     Another  plan  is  to  place  in  the  yard  or  on  the 
^^  of  the  building  large  shallow  pans,  in  which  the  water  is 
cooled  by  being  exposed  to  the  atmosphere.     These  methods  are 
^^tisfactory  on  account  of  the  considerable  area  necessary  and 
^"c  slow  action.     In  addition  they  are  uncertain,  because  they  are 
^^Pcndent  upon  atmospheric  conditions. 

A  more  efficient  and  at  the  same  time  more  expensive  process 
^  to  use  a  cooling  tower  or  a  water  table.  Fig.  31  shows  the 
S^^^til  arrangement  of  a  cooling  tower  located  upon  the  roof  of  a 
Mding.  The  discharge  from  the  condenser  is  led,  as  shown  by 
the  arrows,  to  the  top  of  the  cooling  tower,  where  it  is  cooled 
wfore  being  returned  to  the  condenser.  This  cooling  is  effected 
bj distributing  the  water,  by  a  system  of  piping,  to  the  upper  edge 
of  a  series  of  mats  or  slats,  over  the  surface  of  which  the  water 
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dow8  in  n  tliin  film  to  a  reservoir  wliich  is  situated  in  the  bottom 
of  tlie  cooling  tower.  Tlie  mats  partially  interrupt  the  flow,  and 
by  breaking  up  the  water  in  small  streams  cause  new  portiontt  to 
be  exposed  to  the  cooUug  effect  of  the  air  currents.  The  water 
from  the  reservoir  then  flows  downward  througlt  the  suction  pipe, 
and  ia  pumped  hy  the  circulating  piinip  through  the  condenser. 
After  passing  tlirough  the  condenser  and  absorbing  Iieat  fmm  the 
exhaust  steam,  it  rises  through  tlie  discharge  pipe  and  commences 
the  circuit  over  again. 

The  tower  may  have  several  ari-angementa  and  be  made  of 
various  materials.  A  satisfactory  foiin  is  constructed  of  steel 
plat«s;  within  tlie  tower  are  a  lai^e  number  of  mats  of  steel  wire 
cloth  galvanized  after  weaving. 

To  assist  in  the  cooling  of  the  water,  the  air  ia  often  made  to 
ciiculato  ntpidly  by  means  of  a  fan,  whieli  forces  the  air  into  the 
lower  part  of  tlie  tower  and  upwards  among  the  mats.  This  fan 
is  usually  of  the  ordinary  type,  and  may  be  driven  by  an  electric 
motor,  a  line  of  shafting,  or  by  a  small  independent  engine. 

In  case  th«  fan  is  not  used,  the  niata  are  arranged  so  that  they 
are  exposed  to  the  atmosphere,  as  shown  in  Fig.  32.  This  of 
course  necessitates  the  removal  of  the  steel  casing.  Usually  the 
fanless  tower  must  be  placed  at  the  top  of  a  high  building,  or  in 
some  position  where  the  currents  of  air  can  readily  circulate 
among  the  mats. 

With  an  efficient  tyjio  of  cooling  tower  the  water  may  be 
reduced  from  30  to  50°,  thus  allowing  a  vaeunm  of  from  22  to  20 
inches.  This  will  of  enurse  greatly  incrciise  the  economy  of  the 
plant,  and  allow  the  heated  feed  water  to  be  returned  to  the  lioiler 

The  water  tiible  is  usually  made  of  wooden  shits  ])lueed  in 
the  ground  near  the  plant.  After  trickling  over  the  shils  and 
becoming  cooled  by  the  air,  it  collects  in  the  bottom  of  the  reser- 
voir and  is  then  pumpeil  iiilo  ihe  eoiidenser. 

THE   FLV    WHBEL. 

It  is  evident  that  while  tho  piston  can  push 
during  part  of  the  sli'oke,  and  ]iu)l  it  during  a 
are  sllll  two  places  (called  dead  points)  at  ihir 
where  the  pressure  on  the  piston,  no  matter  ho 
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flows  in  a  thin  film  to  a  reservoir  which  is  situated  in  the  bottom 
of  tlie  coolii)g  tower.  The  mats  partially  interrupt  the  flow,  and 
by  breaking  up  the  water  in  small  streams  cause  new  portions  to 
be  exposed  to  the  cooling  effect  of  the  air  currents.  The  water 
from  the  reservoir  then  flows  downward  through  the  suction  pipe, 
aiid  is  pumped  by  the  circulating  pump  through  the  condenser. 
After  passing  through  the  condenser  and  absorbing  heat  from  the 
exliaust  steam,  it  rises  through  the  discharge  pipe  and  commences 
the  circuit  over  arain. 

The  tower  may  have  several  arrangements  and  be  made  of 
various  materials.  A  satisfactory  form  is  constructed  of  steel 
plates;  within  the  tower  are  a  large  number  of  mats  of  steel  wire 
cloth  galvanized  after  weaving. 

To  assist  in  the  cooling  of  the  water,  the  air  is  often  made  to 
circulate  rapidly  by  means  of  a  fan,  which  forces  the  air  into  the 
lower  part  of  the  tower  and  upwards  among  the  mats.  This  fan 
IS  usually  of  the  ordinary  type,  and  may  be  driven  by  an  electric 
iDotor,  a  line  of  shafting,  or  by  a  small  independent  engine. 

In  case  the  fan  is  not  used,  the  mats  are  arranged  so  that  they 
*re  exposed  to  the  atmosphere,  as  shown  in  Fig.  82.  This  of 
courjje  necessitates  the  removal  of  the  steel  casing.  Usually  the 
lanless  tower  must  be  placed  at  the  top  of  a  high  building,  or  in 
8ome  position  where  the  currents  of  air  can  readily  circulate 
^ong  the  mats. 

With  an  efficient  type  of  cooling  tower  the  water  may  lie 
reduced  from  30  to  50°,  thus  allowing  a  vacuum  of  from  22  to  20 
"i^hes.    This  will  of  course  greatly  increase  the  economy  of  tlie 
plant,  and  allow  the  heated  feed  water  to  be  returned  to  the  l)oik*r 

The  water  table  is  usually  made  of  wooden  slats  j)laeed  in 
the  ground  near  the  plant.  After  ti-ickling  over  the  slats  and 
becoming  cooled  by  the  air,  it  collects  in  the  bottom  of  the  reser- 
voirandia  then  pumped  into  the  condenser. 

THE   FLY   WHEEL. 

It  is  evident  that  while  the  piston  can  push  the  crank  around 
during  part  of  the  stroke,  and  ])ull  it  during  another  ])art,  there 
are  still  two  places  (called  dead  points)  at  the  ends  of  the  stroke, 
where  the  pressure  on  the  piston,  no  matter  how  great,  can  exert 
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^o  turning  moment  on  the  eliaft.     Therefore,  if  some  means  is 

^f^t  provided  for  making  the  shaft  turn  past  these  points  without 

t^»e  assistance  of  the  piston,  it  may  stop.     This  means  is  provided 

i^^  Uie  fly  wheel,  whicli  is  merely  a  heavy  wheel  placed  on  the 

8^iiA.   On  account  of  tlie  momentum  of  the  fly  wheel  it  cannot 

ije  stopjKjd  quickly,  and  therefore  carries  the  shaft  around  until 

tlie  piston  can  again  either  push  or  pull. 

If  a  long  period  be  considered,  the  mean  effort  and  the  mean 
resistance  must  be  equal;  but  during  this  period  there  are  tcni- 
IMir.iiy  changes  of  effort,  the  excesses  causing  increase  of  speed. 
To  modeiute  these  fluctuations  several  methods  are  employed. 


Fig.  33. 

The    turning   moment   on    the    shaft  of  a   single   cylinder 

engine  varies,  first,  because  of  the  change  in  steam  pressure,  and 

^^onj,  on  account  of  the  angularity  of  the  connecting  rod.    Before 

^'■6  pi:iton  reaches  mid-stroke  the  turning  moment  is  a  maximum, 

a^  shown  by  the  curve,  (Fig.  33).     While  near  the  ends  of  the 

stroke  (the  dead  points)   the  turning  moment  diminishes   and 

"Dally  becomes  zero.     This,  of  couree,  tends  to  cause   a  corre- 

8|K)ndiiig  change  in  the  speed  of  rotation  of  the  shaft.     In  order 

^  We  this  speed  as  nearly  constant  as  possible,  and  to  givci  a 

P^ter  uniformity  of  driving  power,  the  engine  may  be  run  at  high 

speed.    By  this  means  the  inertia  of  the  revolving  parts,  such 

^  the  connecting  rod  and  crank,  causes  less  variation.     When 

tlie  work  to  be  done  is  steady  and  always  in  the  same  direction 

(-1^  in  most  factories),  a  heavy  fly  wheel  may  be  used. 

The  heavier  the  fly  wheel,  the  steadier  will  be  the  motion. 
h  is,  of  course,  desirable  in  all  factory  engines  to  have  steady 
motion,  but  in  some  it  is  more  important  than  in  others.     For 
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instance,  in  a  cotton  mill  it  is  absolutely  necessaiy  that  the  ma- 
chinery shall  move  with  almost  perfect  steadiness ;  consequently 
mill  engines  always  have  very  large,  heavy  fly  wheels.  It  is  un- 
desirable to  use  larger  wheels  than  are  absolutely  necessary, 
because  of  the  cost  of  the  metal,  the  weight  on  the  bearings  and 
the  danger  from  bursting. 

If  the  turning  moment  which  is  exerted  on  the  shaft  from 
the  piston  could  be  made  more  regular,  and  if  dead  points  could 
be  avoided,  it  would  be  possible  to  get  a  steadier  motion  with  a 
much  smaller  fly  wheel. 

If  the  engine  must  be  stopped  and  reversed  frequently,  it  is 
better  to  use  two  or  more  cylinders  connected  to  the  same  shaft. 
The  cranks  are  placed  at  such  angles  that  when  one  is  exerting  its 
minimum  rotative  effort,  the  other  is  exerting  its  maximum  turn- 
ing moment;  or,  when  one  is  at  a  dead  center,  the  other  is  exerting 
its  greatest  power.  These  two  cylinders  may  be  identically  the 
same,  as  is  the  case  with  most  hoisting  engines  and  with  many 
locomotives ;  or  the  engine  may  be  compound  or  triple  expansion. 

This  arrangement  is  also  used  on  engines,  for  mines,  collieries, 
and  for  lioisting  of  any  sort  wliero  ease  of  stopping,  starting 
and  reversing  are  necessary.  Simple  expansion  engines  with  tljeir 
cranks  at  riglit  angles  are  said  to  be  coupled. 

The  governor  adjusts  the  power  of  the  engine  to  any  large 
variation  of  the  resistance.  The  fly  wheel  luvs  a  duty  to  perform 
which  is  similar  to  that  of  the  governor.  It  is  designed  to  adjust 
the  effort  of  the  engine  to  sudden  changes  of  the  load  which  may 
occur  during  a  single  stroke.  It  also  equalizes  the  variation  in 
rotative  effort  on  the  cmnk  pin.  The  fly  wheel  absorbs  energy 
while  the  turning  moment  is  in  excess  of  the  resistance  and  restorf^s 
it  while  the  crank  is  at  or  near  the  dead  points.  During  these 
periods  the  resistance  is  in  excess  of  the  power. 

The  action  of  the  fly  wheel  may  be  represented  as  in  Figs.  33 
and  34.  It  will  be  noticed  that  in  Fig.  33  the  curve  of  crank 
effort  runs  below  the  axis  toward  the  end  of  the  stroke.  This  is 
because  the  compression  is  greater  than  the  pressure  near  the  end 
of  expansion,  and  produces  a  resultant  pressure  on  the  piston. 
In  Fig.  34  the  effect  of  compression  has  been  neglected.  Let  us 
suppose  that  the  resistance,  or  load,  is  uniform.  In  Fig.  33  the  line 
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A  R  Ls  the  length  of  the  semi-circumference  of  the  crank  pin,  or  it 
is  the  (lisbmce  the  crank  pin  moves  during  one  stroke.    The  curve 
A  M  I)  0  B  is  the  curve  of  turning  moment  for  one  stroke.     M  N 
is  the  mean  ordinate,  and  therefore  A  E  F  B  represents  the  constant 
resistance.    The  effort  and  resistance  must  be  equal  if  the  speed  is 
uniform;  hence  A  E  F  B  =  A  M  DOB.     Then   area  A  E  M  + 
area  0  F  B  =  area  M  D  O.     At  A  the  rotative  effort  is  zero  be- 
t^'iuse  the  crank  pin  is  at  the  dead  point;  from  A  to  N  the  turning 
moment  is  less  than  the  resistance.     At  N  the  resistance  and  the 
effort  are  equal.     From  N  to  P  the  effort  is  in  excess  of  the  resist- 
ance.    At  P  the  effort  and  resistance  are  again  equal.     From  P 
^'^  K  the  resistance  is  greater  than  the   effort.     In  other  words, 
^roiu  A  io  X  the  work  done  by  the  steam  is  less  than  the  resist- 


Fig.  34. 

ance.  This  shows  that  the  work  represented  by  the  area  A  E  M 
niust  liave  l)een  done  by  tlie  moving  parts  of  the  engine.  From 
N  to  P  the  work  done  by  the  steam  is  greater  than  the  resistance, 
and  the  excess  of  energy  is  absorlK^l  by  or  stored  in  the  moving 
parts.  From  P  to  tlie  end  of  the  stroke,  tlie  work  repres(^nted  by 
the  area  O  F  B  is  dcme  on  the  crank  pin  ])y  the  moving  parts. 

We  know  from  the  formula,  E  zr:  ,  that  energy  is  pro- 

portional  to  the  square  of  the  velocity.  Hence  as  AV  and  (j 
remain  the  same,  the  velocity  must  ho  rednced  wlien  tlie  moving 
parts  are  giving  out  energy,  and  increased  when  receiving  energy. 
Thus  we  see  that  the  tendency  of  the  crank  })in  is  to  mova  slowly, 
then  more  rapidly.  The  revolving  parts  of  an  engine  have  not 
suthcient  weight  to  store  this  surplus  energy,  hence  a  heavy  fly 
wheel  is  used. 

In  case  there  are  two  engines  at  right  angles,  two  effort  curves 
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irnist  lie  liiiiwii,  lis  shown  in  Fig,  34.  The  mean  ordinate  A  E  is 
(-■qiml  to  the  mean  or  constant  resistance.  'Iliere  are  two  minimum 
luid  two  uiaximiiut  velocities  iji  one  stroke.  The  diagnim  s)ioire 
that  the  variation  is  much  less  than  for  a  single  cyliuder ;  liciion 
11  lighter  fly  wheel  may  be  used. 

The  weight  of  the  fiy  wheel  depends  upon  tlie  character  o(  the 
woi'k  done  by  the  engine.  For  pumping  engines  and  ordinary 
UDLcliiue  work  the  effort  need  not  be  as  constant  as  for  cleotrii: 
lighting  and  fine  work.  In  determining  the  weight  of  a  fly  wheel 
the  diameter  of  the  wheel  inuBt  be  kno\vn,  or  the  ratio  of  Uifl 
diameter  of  the  wheel  to  the  length  of  stroke.  If  the  wheel  Utoo 
large,  the  high  linear  velocity  of  the  rim  will  cause  too  gn-ut  a 
ceutiifugal  force  and  the  wheel  is  likely  to  break.  In  practice, 
about  6,000  feet  jwr  minute  is  taken  as  the  maximum  linear  velocity 
of  cast-iron  wheels.  When  made  of  *ood  and  cai-efnlly  put 
together,  tlie  velocity  may  be  taken  aa  7,000  to  7,500  feet  per 
minute. 

We  know  that  linear  velocity  is  expressed  in  feet  per  minute 
by  the  fonnuUi,  V  iz:  Stt  It  N,  or  V  =  w  I J  N. 

Then  if  a  wheel  nina  at  lUO  revolutions  per  minute,  the 
allowiible  diameter  would  he, 

6,000  =3.141(i  X  D  X  100 

D  =  _.*';«-^2__  =  19.1  feet. 
3.1416  X  100 

If  a  wheel  is  12  feet  in  diameter  the  allowable  speid  is  found 


N   : 


f  nnnute. 


I  the 


6,000  ,-rt 

:= :=  \ri\}  revo  utioiis  per 

3.1416  X  1-2  ' 

It  is  usual  to  make  the  diameter  a  little  less  tliaii 
lated  diameter. 

Having  determined  the  <Uameter,  the  weight  may  l»e  c;ileuliitwj 
bj-  several  methods.  There  are  many  foiniulas  to  ohfciiu  this  result 
given  by  various  autliorities.     Oiie  formula  is  given  as  follows : 

Hi  X  N2 


Vf^\ 
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In  the  above,         W=  weight  of  the  rim  in  pounds 

d  =  diameter  of  the  cylinder  in  inches 
b  =  length  of  stroke  in  inches 
D  =  diameter  of  fly  wheel  in  feet 
N  =  number  of  revolutions  per  minute 

G  is  a  constant  which  varies  for  different  types  and  conditions. 

Slide-valve  engines,  ordinary  work,  C  =  350,000 
Corliss  engines,  ordinary  work,  C  =     700,000 

Slide-valve  engines,  electric  lighting,  C  =  700,000 
Corliss  engines,  electric  lighting,  C  =  1,000,000 
Automatic  high-speed  engines,  C  =  1,000,000 

Example.  Let  us  find  the  weight  of  a  fly-wheel  rira  for  an 
automatic  high-speed  engine  used  for  electric  lighting.  The  cylin- 
der 13  24  inches  in  diameter;  the  stroke  is  2  feet.  It  runs  at 
300  revolutions  per  minute,  and  the  fly  wheel  is  to  be  6  feet  in 
diameter. 

W  =  1,000,000  X  5f^^^^  It 

36  X  90,000 
W  =  4,266  pounds 
Another  example.     A  plain  slide-valve  engine  for  electric 
lighting  is  20^  X  24''.     It  runs  at  150  revolutions  per  minute. 
Tlie  fly  wheel  is  to  be  8  feet  in  diameter.     What  is  the  weight  of 
its  rim? 

W  =  700,000  X      ^^^  ^  ^^ 

^    64  X  22,500 

W  =  4,666  pounds. 

The  weight  of  a  fly  wheel  is  considered  as  l^oing  in  the  run. 

The  weight  of  tlie  hub  and  arms  is  simply  extra  weight.     Then, 

if  we  know  the  weight  of  the  rim  and  its  diameter,  we  can  find  the 

vddih  of   face  and  thickness  of  rim.     Let  us  assume  the  given 

ilLameter  to  be  the  mean  of  the  diameter  of  the  inside  and  outside 

of  the  rim. 

Let  b  =  width  of  face  in  inches 
t  :=  thickness  of  rim  in  inclies 
d  :=  diameter  of  fly  wheel  in  inches 
.2607  =  weight  of  1  cubic  inch  of  cast  iron 


Then, 


W  =  .2607  XbXtX'rrd 
=  J  X  «  X  .819  d 
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Suppose  the  rim  of  a  fly  wlieel  weighs  6,000  pounds,  is  9  feet 
in  diameter,  and  tlio  width  of  the  face  is  2-4  inches.  What  is  the 
thickness  of  the  rim  ? 

.SV,\  db 

_       _  6,000 
.819" X  108  X  24 

=  2.83  inches 

In  this  ca-se  the  rim  woiihl  probibly  l)e  made  2^|  inches  thick. 
The  total  weight,  inchiding  hub  and  arms,  would  probably  be 
about  8,000  poirnds. 

UOVERNORS. 

The  load  on  an  engine  is  nevi^r  constant^  although  there  are 
cases  where  it  is  neiirly  uniform.  While  the  engine  is  running  at 
constant  speed,  the  resLstanco  at  tlie  fly-wheel  rim  is  equal  to  the 
work  done  by  the  steam.  If  the  load  on  the  engine  is  wholly  or 
partially  removed,  and  the  supply  of  steam  continues  undiminished, 
the  force  exerted  by  the  steam  will  be  in  excess  of  the  resistance. 
Work  is  equal  to  force  nmltiplicd  by  distance ;  hence,  with  con- 
stant effort,  if  tlie  resistance  is  diminished,  the  distance  must  be 
increased.  In  other  woids,  the  spiH'd  of  tlicj  engine  will  1k)  in- 
creased. The  engine  will  "race,"  as  it  is  called.  Also,  if  the 
load  increas(\s  and  the  steam  supply  remains  constant^  the  engine 
will  "slow  down/' 

It  is  evident,  then,  that  if  the  Rpe(»d  is  to  bo  kept  constant 
some  means  must  be  provided  so  (hat  thesleam  supply  shall  at  all 
times  be  exiictly  proportional  to  the  load.  This  is  aceomplishe<l 
by  means  of  a  governor. 

Steam-engine  goM'rnors  act  in  one  of  two  wa3^s  :  they  may 
regulate  the  pressure  (»f  steam  admitted  to  the  steam  chest,  or  they 
may  adjust  the  speed  by  altering  the  (nnount  of  steam  admitted. 
Those  which  act  in  the  fu-st  way  are  called  throttling  governoi-s, 
because  they  throttle  the  steam  in  the  main  steam  pipe.  Those  of 
the  latter  class  are  called  automatic  ciit-olf  governors,  since  thoy 
automatically  regulate  the  cut-off. 

Theoretically,  the    UK^thod    of   govjMiiing    by  throttling  the 
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steam  causes  a  loss  in  efficiency,  but  the  throttling  superheats  the 
steam,  thus  reducing  cylinder  condensation.  By  the  second 
method  the  loss  in  eflBciency  is  very  slight,  unless  the  ratio  of 
expansion  is  already  great,  in  which  case  shortening  the  cut-off 
causes  more  cylinder  condensation.  This  subject  will  be  taken 
up  in  detail  later. 

In  most  governors,  centrifugal  force,  counteracted  by  some 
other  force,  is  employed.  A  pair  of  heavy  masses  (usually  iron 
balls  or  weights)  are  made  to  revolve  about  a  spindle,  which  is 
driven  by  tho  engine.  When  the  speed  increases,  centrifugal 
force  increases,  and  the  balls  tend  to  fly  outward ;  that  is,  they 
revolve  in  a  larger  circle.  The  controlling  force,  which  is  usually 
gravity  or  springs,  is  no  longer  able  to  keep  the  balls  in  their 
former  path.  When,  therefore,  the  increase  is  sufficiently  great, 
the  balls  in  moving  outward  act  on  the  regulator,  which  may 
throttle  the  steam  or  cause  cut-off  to  occur  earlier. 

With  the  throttling  governor  a  balanced  throttle  valve  is 
placed  in  the  main  steam  pipe  leading  to  the  valve  chest.  If  the 
engine  runs  faster  than  the  desired  speed,  the  balls  are  forced  to 
revolve  at  a  higher  speed.  The  increase  in  centrifugal  force  will 
cause  them  to  revolve  in  a  larger  circle  and  in  a  higher  plane. 
By  means  of  some  mechanism  (levers  and  gears)  the  spindle  may 
be  forced  downward,  thus  partially  closing  tho  valve.  The 
engine,  therefore,  takes  steam  at  a  lower  pressure,  and  the  power 
supplied  l)eing  less,  the  speed  falls  slightly. 

Similarly,  if  the  load  is  increased,  the  engine  slows  down, 
which  causes  the  balls  to  drop  and  open  the  valve  more  widely, 
steam  at  higher  pressure  is  then  admitted,  and  tlie  speed  is 
increased  to  the  regular  number  of  revolutions. 

With  the  Corliss  or  Wheelock  engine  the  governor  of  this  type 
acts  differently.  Instead  of  throttling  the  steam  in  tlie  steam  pipe, 
the  governor  is  connected  to  the  releasing  gear  by  rods.  A  n  increase 
of  speed  causes  the  releasing  gear  to  uphook  the  disengaging  link 
earlier  in  the  stroke.  This  causes  earlier  cut-off,  which  of  course 
decreases  the  power  and  the  speed,  since  the  amount  of  steam 
admitted  is  less.  If  for  any  reason  the  load  increases,  the  gov(»mor 
causes  the  valves  to  be  held  open  longer.  The  cut-off,  therefore, 
occurs  later  in  the  stroke. 
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One  of  the  most  cominoD  forms  of  goi^emor  is  ^imiUr  l'>  tliat 
iDTented  hr  Jam^^  Watt.  It  b  calletl,  frooi  its  ap|waraiice,  iba 
jiendulutn  goTerofir.  It  U  shown  in  Fig.  Sn.  Ti>  etinsiiler  the 
theoiy  of  tlie  j>eDdiilnni  govenmr,  the  masses  of  th«  ImlU  ant 
assumed  to  be  concentrated  at  Uieir  ceoteis,  and  tbe  hmIs  made  of 
some  material  iiaviDg  do  weight. 

WbeQ  the  gnriinior  is  revolving  aboat  its  axifl  at  a  coitstaut 
fpeed  the  bolls  revolve  iu  a  ctnle  liavmg  a  ndius  r  Tbe  difitance 
from  tilts  plane  to  the  iiiteTseriJon  of  the  rods,  or  the  rods  pn>- 
duc«d,  is  called  tbe  beigbt  nnd  is  eqtuil  to  k. 


IF  tbe  balls  revolx-e  faster,  tbe  renlrifuga]  forte  i 
bc«oini-s  greater  ami   A  ditDiDi&hes.     We  kaow  that  oeatrifogal 
force  is  es*'ressed  Kr  the  formula, 

y 

Then  centrifugal  force  Tariea  inversely  as  the  radius. 

While  the  jienduluni  is  revolving,  centrifugal  f-irce  acts  liori- 
lontallv  itiitiriiid  and  tends  to  make  the  Inlls  fly  from  tlie  center; 
gravity  t»-n.l?  to  make  tbe  balls  drop  downn-ntd.  In  order  tiiat  the 
liMlk  stull  rvvolvf  iit  a  certain  height,  the  nroinents  of  tiiesc  two 
forcra  a)»>nt  the  ctnler  niu^t  be  equal,  or  tbe  weight  of  the  }a\h 
mutlipliixl  by  thfir  distanre  fn>m  tbe  center  must  equal  the 
i-vittrifuir^l  fin\-f  nmhii'lit-d  bv  ibe  bright,  or. 

W  X  r  =  F  X  A 
ftxwu  which. 


K 


titMM  wUdI^ 


w 

f  » 
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Now  we  know  that  the  linear  velocity  of  a  point  revolving  in 
the  circumference  of  a  circle  is  expressed  as  2  tt  r  N  feet  per 
second. 


Then, 


h  =  liL  =     ^^^      = 


v2  47r2r2N2  47r2N2 


Since   we   know  the  values  of  ff  and  tt  we  can  write  the 
formula, 

h  =  ^^'^^  =:  -^^"^^  feet  per  second,  or 

4  X  3.14162  X  N2  N2  ^ 

h  =    * '  inches  per  second. 

N2  ^ 

If  N   is   the  number  of  revolutions  per  minute,  since  (>()'^  = 

3000,  9  QQ9  f\a 

h  =  :^:^^±^  feet 

N2 

,        35,190.7  .     .  • 

A  =    — — inches 

N2 

From  the  above  formula,  we  see  that  tlie  height  is  independent 
of  the  weight  of  the  balls  or  the  length  of  the  rod ;  it  depends 
upon  the  number  of  revolutions.  The  height  varies  inversely  as 
the  square  of  the  number  of  revolutions. 

The  ordinary  pendulum  governor  is  not  isochronous ;  that  is, 
it  does  not  revolve  at  a  uniform  speed  in  all  positions ;  the  speed 
changes  as  the  angle  between  the  arms  and  the  spindle  changes. 

The  early  form  consisted  of  two  heavy  balls  suspended  by 
links  from  a  pin  connection  in  a  vertical  spindle,  jus  shown  in  Figs. 
36  and  37.  The  spindle  is  caused  to  revolve  by  belting  or  gear- 
ing from  the  main  shaft,  so  that  as  the  speed  increases,  centrifugal 
force  causes  the  balls  to  revolve  in  a  circle  of  larger  and  larger 
diameter.  The  change  of  position  of  these  Ixills  can  be  made  to 
affect  the  controlling  valves  so  that  the  admission  or  the  throttling 
shall  vary  with  their  position.  With  this  governor  it  is  evident 
that  for  a  given  speed  of  the  engine  there  is  but  one  position  pos- 
sible for  the  governor;  consequently  one  amount  of  throttling  or 
one  point  of  cut-off,  as  the  case  may  be.  If  the  load  varies,  the 
speed  of  the  engine  will  change.  This  causes  the  position  of  the 
governor  balls  to  be  changed  slightly,  thus  altering  the  pressure 
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But  in  order  that  the  pressure  or  cut-off  shall  i-emain  changed,  the 
governor  balls  must  stay  ia  their  new  position. "  That  is  to  say, 
the  speed  of  the  engine  must  be  slightly  changed.  Thus  with 
the  old  ball  governors  there  was  a  slightly  different  speed  for  each 
load.  This  condition  has  been  greatly  improved  by  various 
modifications  until  now  such  governors  give  excellent  regulation. 
While  the  engine  is  running  with  a  light  load,  the  valve  con- 
trolled by  the  governor  will  be  open  just  enough  to  admit  steam 
at  a  pressure  that  will  keep  the  engine  running  at  a  given  speed. 
Now,  if  the  engine  is  heavily  loaded,  the  throttle  valve  must  be 
wide  open.  The  change  of  opening  is  obtained  by  a  variation  in 
the  height  of  the  governor,  which  is  caused  by  a  change  of  speed. 
Thus  we  see  that  the  governor  can  control  the  speed  only  within 
certain  limits  which  are  not  far  apart.  The  difference  in  the 
extreme  heights  of  the  governor  must  be  sufficient  to  open 
the  throttle  its  entire  range.  In  most  well-designed  engines  the 
speed  will  not  vary  more  than  4  per  cent ;  that  is,  2  per  cent 
above  or  below  the  mean  speed. 

35  190  7 
From  the  formula  h  =.  — '. .    ..— ,  we  can  compute  the  heights 

corresponding  to  given  speeds  jus  shown  by  the  following  lal)le: 


Number  of 
Revolutions 
per  Minute. 


250 
200 
17;") 
150 
125 
100 
75 
50 


Height 

in 
Indies. 


.5G:5 
.879 
1.1-19 
1.504 
2.252 
3.51 9 
6.256 
14.076 


I      Variation  of 
Height  in  Inches 

;         ^  per  cent. 


.040 
.OGii 
.01)0 
.140 
/250 
Ml) 


In   the   above   table   the  second   cohunu    is  found  from  tlie 

formula  h   =     '  ^    — !_.     The    third    column   is  tlie   variation    in 

N2 

height  for  a  speed  variation   of  4   per  cent  or  2  per  cent  either 
above  or  below  the  mean. 
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From  the  table  we  see  that  for  a  considerable  variation  of 
*I»eecl  there  is  but  alight  variation  in  the  height  of  the  governor. 
^Vlso  for  high  speeds  the  height  of  tlie  governor  is  so  small  that  it 
wonld  be  difficult  to  construct  it.  The  slight  variation  in  heigljt 
•d  too  small  to  control  tlie  cut-off  or  throttling  mechanism  tlirougli- 
out  the  entire  range. 

Other  disadvantages  of  the  fly-hall  governor  are  as  follows: 
it  is  apjKirent  that  the  vfilves  must  bo  conti-olled  by  the  iveight  of 
the  governor  bsills.  In  large  engines  this  retiuires  very  Iieavy 
balls  in  order  to  quickly  overcome  the  r^sisbnice  of  the  valves. 
But  these  large  balls  have  considei-able  inertia  and  will  therefore 
be  reluctant  to  change  their  speed  with  that  of  the  engine.     The 


Fig.  M.  Fid.  37. 

incifased  weight  will  also  increase  the  friction  in  thu  gtivenior 
joints,  and  the  cramping  action  existing  when  the  lialls  are  driven 
oy  the  spindle  will  increase  this  friction  still  further.  All  these 
iliings  tend  to  delay  the  action  of  the  governor,  m  that  in  all 
large  engines  the  old-fashioned  governor  became  sluggish.  The 
ImIIs  had  to  turn  slowly  because  they  were  so  hesivy  ;  this  w;i.s 
t-sj>etially  tronblesoine  in  high-speed  engines. 

To  remedy  these  defects  the  weighted  or  Porter  governur  was 
designetl.  (See  Fig.  38.)  It  has  a  greater  heiglit  fur  a  given 
e]teed,and  the  vari-ition  in  height  for  a  given  variiition  of  speed  is 
greater.  When  a  governor  has  this  latter  (luiility,  that  is,  a  grciit 
variation  in  height  for  a  given  variation  of  speed,  it  is  said  to  be 
sensitive.  By  increasing  this  variation  in  height  the  sensitiveness 
is  increased.     Thus,  if  a  governor  ruiming  at  •>U  revolutions  has  a 
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variation  in  height  of  .57  inch,  it  is  not  as  sensitive  as  one  having 
a  variation  of  1  inch  for  the  same  speed. 

In  the  weighted  governor,  the  weight  is  formed  so  that  the 
center  of  gravity  is  in  the  axis.  It  is  placed  on  the  spindle  and 
is  free  to  revolve.  The  weight  adds  to  the  weiglit  of  the  balls, 
and  thus  increases  the  moment  of  the  weight.  It  does  not,  how- 
ever, add  to  the  centrifugal  force,  and  hence  the  moment  of  this 
force  is  unchanged.  We  may  then  say  the  weight  adds  effect  to 
the  weight  but  not  to  the  centrifugal  force,  and  as  a  consequence 
the  height  of  the  governor,  for  a  given  speed,  is  increased.  If  we 
let  W  equal  the  combined  weight  of  the  balls  as  before,  and  W 
equal  the  added  weight,  the  moments  are, 

(W  +  W)  X  r  =  F  A 

(W  +  W)  X  r  =  "^Lal  X  A 

W  X  4  -n-a  r^  Na 
_  (W  X  W)  ^        ff 


Wok  low  that 


W  4  7r2N» 

ff        _  .8146 


4^2N2  N2 


Then   /.  =    1   ^^  +  ^^'  i   X  L^i-^ 

I         W         j  Na 


Hence  tlie  height  of  a  weighted  governor  is   equal   to  tlie 
height  of  a  simple  pendulum  governor  nndtiplied  by 

'    "I-     n  +  ,,,      . 


W         )  (       '    W 

For  instance,  if  the  height  of  a  simple  pendulum  is  10  inches, 
and  the  weight  of  the  halls  equal  to  the  added  weight,  the  height 
will  he, 

A=  jl+i!    XIO 
=  2  X  10 
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Thus  we  see  that  if  a  weight  equal  to  the  combined  weight  of 
flie  balls  is  added,  the  height  of  the  governor  will  be  doubled. 

We  know  that  if  the  balls  fall,  the  cut-off  comes  later.  If 
the  belt  driving  the  governor  slips  off  or  breaks,  the  balls  will 
drop,  and,  making  the  cut-off  later,  will  allow  the  engine  to  "  rim 
avs'ay."  To  diminish  this  danger  many  governors  are  provided 
with  some  kind  of  safety  stop,  which  closes  the  valve  when  the 
governor  loses  its  normal  action.  Usually  a  trip  is  proWded 
which  the  governor  does  not  touch  in  its  normal  positions,  but 
which  \\ill  be  released  if  the  balls  drop  down  below  a  certain 
point 

In  another  arrangement,  instead  of  a  weight,  a  strong  spring 
bused, and  this  makes  it  possible  to  put  the  governor  in  any 
position. 

Springy  Qovemors.     In  many  cases  a  spring  is  used  in  place 
of  the  weight.     This  type  of  governor 
is  used  frequently  on  throttling  engines ; 
it  consists  of  a  pendulum  governor  with 
springs  added   to    counteract  the  cen- 
trifugal force   of  the  balls.     Thus   the 
height  and  sensitiveness  are  increased. 
Rg.39  shows  the  exterior  view   of   a 
Waters  governor,  and  Fig.  40  the  same 
governor  having   the   safety   stop.     In 
this  governor  the  weights  are  always  in 
tlie  same  plane,  the  variation  in  height 
^^S  due  to   the   action   of    the   bell 
crank  levers  connecting  the  balls  and 
spindle.    When  the  balls  move  outward  the  spindle  moves  down- 
ward and  tends  to  close  the  valve.     The  governor  balls  revolve 
"jnieans  of  a  belt  and  bevel  gears.      The  valve  and  seat  are 
shown  in  section  in  Fig.  41.       The  valve  is  a  hollow  cylinder 
^'Jth  tliree  ports,  by  means  of  which  steam  enters  the  valve.     The 
^t  is  made  in  four  parts,  that  is,  there  are  four  edges  that  the 
steam  passes  as  it  enters  the  valve.     The  valve  being  cylindrical 
snd  having  steam  on  both  sides  is  balanced,  and  because  of  the 
Di^y  openings  only  a  small  tmvel  is  necessary. 

5haft  Oovernors.     Usually  some  form  of  pendulum  governor 


Fig.  38. 


..  ■» 


819 


in  vettd  ior  throttling  engines.  Kor  governing  an  engine  by  v 
ing  \be  point  (if  cut-off,  shaft  govemore  are  generally  used ;  him- 
cvM,  Corliss  engines  and  some  others  use  penduluiu  govemunfor 
Uiis  puria««-.  Cut-off  gw^-emow  are  called  shaft  governorabKiiuw 
tlwr  aiv  iilaccd  od  th«  ni:tin  sliaft;  th^y  are  made  in  nianyfurms. 
bol  tlie  cKM-ntliil  features  of  all  nrv  the  same.  Two  plvoUsi  nw*M« 
or  wcijihu  are  ami«s«<l  symmetrically  on  opposite  sides  of  ihf 
shaft,  and  ti»rir  tendency  to  Dy  outwanl  wht-n  iho  speed  iucreiwa 
is  rusialctl  by  springs.  The  ontwanl  motion  of  the  wcis;liUcliwB> 
the  tuUiiission  valve  earlier,  and  the  inwanl  motion  closes  it  later. 
Tltif  t-haiige  is  cffei^ted  by  altering  Uta  jiosition  of  lliu  ecconinc 
uitbtfr  liy  ihjuiging  tlie  ecc*utrii.nty  or  tho  angular 


in.iile 


.>f    ^ 


tvtvs  1.,-iii-  ev.utly  alike.  If  the  principles  .)f  ii  f.nv  t\p''sau' 
uii.ici^t.M..i.  it  is  easy  lo  iMidei^tLUul  otliori.  The  f..llr,win-  ilhis- 
iratcs  two  coiiiiiuin  iiietlnuls  of  shifting  tlic  cc-t-ci(tric. 

Buckeye  Engine  Governor.  The  vulve  of  tlic  Baikfye  on- 
line is  holUv  i.mi  of  the  slide  valve  tyiM-.  The  c(tt-..fT  valve  is 
inside.  Tlie  chiuige  of  cut-(>il'  is  due  to  the  iilti-ratiim  uf  the 
angular  advance.  The  arrangement  of  the  part-s  wiiich  etleet  the 
chiuige  of  angiihir  ailvancu  in  shown  in  Fig.  4'2.     A  wheel  which 
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tains  aii<l  supports  the  various  parts  of  tlie  governor  is  keyed  to 

shaft.    Two  arms,  having  weights  A  A  at  the  ends,  are  pivoted 

ilie  iTim  of  the  wheel  at  b  b.     The  ends  having  the  weights  are 

nnecl^d  to  the  collar  on  the  loose  eccentric  C  by  means  of  rods  B  B. 

Wlicti  the  weights  move  to  the  position  indicated  by  the 

.•>il«il  lilies,    the   eccentric    is 

urtieil  nti  tlie    shaft    about   a 

ijuarter  of  a  i-evolution    in   the 

ilirK'timi  in    wliich  the    engine 

nms.   Tliat  is,  the  eccentric  is 

altanceii   or    tlie  angular    ad- 

viiiii'e  is    incivascd.     Now  we 

tniiw  tliiit  if   the   angular    ad-   i 

wm-eisincreaaed,  cut-off  occui's 

fiirlier.    Tliis  is  »hown  by  the 

table  on  page    12   of    "Valve 

'iwini,"     If  the  engine  had  a 

sii^jle  plain  slide  valve  tlie  varia- 

tinii  of    the     angular    advance 

wniild  imM]iicet<>o great  aviiria- 

'i'"i  <iF  lead  ;  hut  as  this  engine 

ks  (t  »>jiiirate  valve  for  cut-off, 

»'li"issiiiii  is  not  altered  by  the  rig.  41. 

tut-nff  valve. 

Tlic  springs  F  F  balance  the  centrifugal  force  of  the  weights. 
Tht  weij-ht-s  A  A  are  varied  t»  suit  the  speed ;  the  tension  on  the 
'^i'liiigs  is  altered  by  means  of  the  screws  c  c.  Auxiliary  springs 
""•ailrleil  in  oi-der  to  obtain  the  exactness  of  regulation  necessary 
'"fwleitric  ligliting.  These  springs  tend  to  throw  the  arms  out- 
'^*H,  lint  act  only  during  the  inner  half  of  this  movement. 

The  Straight-Line  Engloe  Qovernor.  Fig.  43  shows  the  gov- 
f'Tiorof  the  straight-line  engine.  It  has  but  one  ball,  1!,  which  is 
"nted  to  tlie  spring  S  and  to  the  plate  D  E,  on  which  is  the  eccen- 
'fic  C.  When  the  ball  flies  outward  in  the  direction  indicated  by 
tbe  arrow  F,  the  eccentric  is  shifted  about  the  pivot  O ;  the  links 
moving  in  the  direction  of  arrow  H.  The  ball  \a  heavy  and  at 
1  considerable  distance  from  the  center;  hence  it  has  a  great 
ctntrifugal  force,  and  the  spring  must  bo  stiff. 
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The  governor  of  the  Buckeye  engine  altera  the  catofF  b; 
changing  the  angvlar  advance.  The  straight-line  et^ne  governor 
changes  the  travel  of  the  valve.  Shaft  governors  which  alter  the 
cut-ofi  by  changing  the  valve  travel  are  very  commoK. 

LUBRICATION. 

If  two  pieces  of  cast  iron,  just  as  they  come  from  the  foundry, 
are  rubbed  together,  they  will  not  slide  over  each  other  easily, 
because  of  little  projections.     If  thij  eaine  iron  is  filed  or  planed, 


Fig.  42. 

the  pieces  will  slide  much  more  easily.  This  is  because  the  rough 
places  have  been  smoothed,  or  filled  up  with  dust.  If  now  we  put 
some  engine  oil  on  the  pieces,  tlicy  will  slide  very  easily.  This  ia 
because  tlie  more  minute  depiessioiis  have  been  filled  up  and  the 
whole  surface  is  made  coiiip  ma  lively  smooth.  No  matter  how 
carefully  we  might  plane  and  polish  any  surface,  a  microscope 
would  show  that  it  wiis  still  a  little  rough. 

One  cause  of  loss  of  powerin  the  steam  engine  ia  friction.  In  all 
engines  there  are  so  many  moving  parts  that  it  is  of  great  impor- 
tance that  friction  should  be  i  educed  as  much  as  possible.    This  is 
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done  by  making  tke  saifftc«&  in  eooiact  saKiC4li  znd  of  aoxple  ssxe; 
also  making  them  of  diffeite^t  m^z£s  aud  osii^  oils  or  otbex 
lubricants.  The  e£Fect  of  the  l^ibricact  is  to  inieipose  a  thin  film 
between  the  sariMces.  This  pre^enis  tLrir  cc«mm^  into  acmal  con- 
tact. If  the  oil  is  too  thin  or  the  |:4ies>:ire  loo  great,  the  labricant 
is  squeezed  out  and  the  met^I  suzij^^es  ci>me  in  contact.  . 

Thus  we  see  that  there  ^rt  certain  qualities  which  a  luhricant 
must  have.     Thej  arc  as  follows  : 

The  lubricant  must  be  suffieienilT  floid.  so  that  it  will  not 
itself  make  the  hearing  nm  hard. 

It  must  not  be  too  fluid  or  it  will  be  squeezed  out  from  be- 
tween the  bearing  surfaces.     If  iLis  happens,  the  bearing  will 


immediately  begin  to  heat  and  cut.     The  heating  will  tighten  the 
bearing,  and  will  thus  increase  the  pressure  and  the  cutting. 

It  must  not  gum  or  dry  when  ex|x>sed  to  the  air. 

It  must  not  be  easily  decomposed  by  the  heat  generated.     If 
it  should  be  decomposed,  it  miglit  form  gubstauces  which  would 
be  injurious  to  the  bearings. 

It  must  not  take  fire  easily. 
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It  must  contain  no  acid,  and  should  form  no  acid  in  decom- 
posing, as  acids  corrode  the  bearings. 

Both  mineral  and  animal  oils  ai'e  used  as  lubricants.  For- 
merly animal  oils  were  used  entirely,  but  they  were  likely  to 
decompose  at  high  temperatures  and  form  acids.  It  is  important 
in  using  liigh-pressure  steam  to  have  "  high-test  oils,"  that  is,  oils 
which  will  not  decompose  or  volatilize  at  the  temperature  of  the 
steam.  It  was  the  difficulty  of  getting  such  oils  which  made  great 
trouble  when  superheated  steam  was  first  used.  Mineral  oils  will 
stand  these  temperatures  very  readily,  and  even  if  they  do  decom- 
pose, they  form  no  acids. 

The  Liquid  Lubricants,  whether  of  animal,  vegetable  or 
mineral  origin,  may  be  used  for  ordinary  bearings,  but  for  valves 
and  pistons  heavy  mineral  oils  only  are  suitable. 

Solid  Lubricants  •  Graphite  is  used  as  a  lubricant.  It  is  well 
adapted  for  heavy  pressures  when  mixed  with  certain  oils.  It  is 
especially  valuable  for  heavy  pressures  and  low  velocities. 

Metalline  is  a  solid  compound,  containing  graphite.  It  is 
made  in  the  form  of  solid  cylinders,  which  are  fitted  to  holes  drilled 
into  the  surface  of  the  bearing.  When  a  bearing  is  thus  fitted  no 
other  lubricant  is  necessary. 

SoapHtone  in  the  form  of  powder  and  mixed  with  oil  or  fat  is 
son  etinies  used  as  a  lubricant.  Soap  mixed  with  graphite  or  soajv 
stone  is  often  used  where  wood  is  in  contact  with  wood  or  iron. 

A  preparation  called  Filer  Graphite  is  used  for  self-lul)ricat- 
ing  ])earings.  It  is  made  of  finely  divided  graphite  mixed  with 
filKTs  of  wood.  It  is  pressed  in  molds  and  afterward  fitted  to 
l)earings. 

For  great  pressure  at  slow  speed,  graphite,  lard,  tallow  and 
other  solid  lubricants  are  suitable.  If  the  pressure  is  great  and 
the  speed  high,  ctistor,  sperm  and  heavy  mineral  oils  are  used. 

For  low  pressure  and  high  speed,  olive,  sperm,  rape  and 
refined  petroleum  give  satisfaction. 

In  ordinary  machinery,  heavy  mineral  and  vegetable  oils  and 
lard  oil  are  good.  The  relative  value  of  various  lubricants  depends 
upon  the  prevailing  conditions.  Oil  that  is  suitable  for  one  place 
might  not  flow  freely  enough  for  another. 

The  quality  of  oil  is  of  great  importance.     In  many  branches 
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of  industty  it  is  imperative  that  the  machinery  run  as  perfectly  as 
possible.  On  tliis  account  and  because  of  the  higti  cost  of 
michinery,  only  first-class  oil  should  be  used.  The  cylinder  oil 
especially,  should  be  high  grade,  because  the  valves,  piston  und 
piston  rods  are  the  moat  delicate  parts  of  the  engine. 

Engines  are  lubricated  by  means  of  oil  cups  and  wipei^ 
placed  on  the  bearings  wherever  required.  They  are  made  in 
Banyforms,  dependent  upon  the  manufacturers.  Commoaly  the  oil 
cup  ia  made  with  a  tube  extending  up  through  the  oil.  A  pieto 
oflampwick  or  worsted  leads  from  the  oil  in  the  cup  to  the  tube. 
Capillary  attraction  causes  tlie  oil  to  flow 
continuously  and  drip  down  the  tube.  When 
not  in  use,  the  lampwick  should  be  with- 
drawn. 

The  needle  oil  cup  ditfeni  from  the  cap-  t 
illaiy  oil  cup  in  that  a  small  wire  or  needle 
Mtends  through  the  tube  and  oil;  one  end 
nste  on  the  journal  to  be  lubricated.  The 
needle  should  fit  the  tube  closely,  so  that 
^wa  tlie  niachuiery  is  at  rest  no  oil  will  flow. 
"lien  revolving,  the  shaft  gives  the  needle  t 
>  waWiliiig  motion  wlneh  makes  the  oil  flow. 
To  iiicrejtse  the  supply,  a  smaller  needle  is 
used. 

The  oil  cup  shown  in  Fig.  44  is  simple 
^"d  economical.  The  opening  of  the  valve  is 
"^"Uted  by  an  adjustable  stop.  The  oil  may 
weeenaa  it  flows  drop  by  drop.     The  cylin-  rig.  i-i. 

''"■ical  [(ortion  is  made  of  glass,  so  that  the 
™gineer  can  see  how  much  oil  there  is  in  the  cup  without  open- 
'"g  it. 

A  form  of  wiper  crauk  pin  oiler  is  shown  in  Fig.  4.5.  Tlu 
"^  cup  is  attached  to  a  bracket.  The  oil  drops  from  the  cup  intu 
*sheet  of  wicking  or  wire  cloth  and  is  removed  at  each  revolution 
™  the  crank  pin  by  means  of  the  cup  which  is  attached  to  the  end 
"f  the  connecting  j-ud. 

Fig.  46  shows  a  centrifugal  oiling  device.  The  oil  flows 
from  the  oil  cup  through  the  tube  to  the  small  hole  in  the  crank 
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pin  by  centrifugal  force, 
of  another  small  hole. 


It  reaches  the  bearing  surface  by  means 


Big.  46. 


:,  intermittent  if  the  pump  ii 


In  oiling  the  valve  chest 
and  cylinder  the  lubricant 
must  be  introduced  against 
the  pressure  of  the  steam. 
This  can  be  done  in  several 
ways,  in  each  of  which  it  is 
introduced  into  the  steam 
before  it  reaches  the  valve 
chest  and  is  carried  to  the 
surfaces  to  be  lubricated. 

The  oil  can  be  forced 
into  the  steam  pipe  by  a  small 
hand  pump  or  in  large  engines  by  an  attachment  from  the  engine 
itself.  The  supply  of  oil  is,  of  c 
driven  by  hand,  but  continu- 
ous and  economical  if  driven 
by  the  engine. 

Sight  Feed  Lubricators. 
The  most  conimiin  device  for 
feeding  oQ  to  tlie  cylinder  is 
that  which  introduces  tlie  oil  * 
drnp  by  drop  into  tbc  steam 
when  it  is  in  the  steam  pipe 
or  steam  chest.  The  oil  In- 
comes vaporized  and  lubri- 
cates all  the  intei-mtl  surfaces 
of  the  engine. 

Fig.  47  shows  the  sec- 
tion of  a  siglit  feed  lubricator. 
The  reservoir  O  is  filled  with 
oil.  The  pipe  B,  which  con- 
nects with  the  steam  pipe,  is 
partly  filled  with  condensed 
steam,  which  flows  down  the  small  curved  pipe  E  to  the  bottom  of 
the  chamber  O.  A  small  [wrtion  of  the  oil  is  thus  dispkcod  and 
Uows  from  the  top  of  the  reservoir  0  down  the  tube  F,  by  the 


Fig.  46. 
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TeguUting  valve  D,  and  up  through  the  glass  tube  S,  which  is 
filled  with  water.  It  enters  the  main  steam  pipe  through  the  con- 
nection A.  The  gage  glass  G  indicates  the  height  of  water  in 
the  chamber  O.  To  fill  the  lubricator,  close  the  regulating  valve 
D  and  the  valve  in  pipe  B ;  the  oil  chamber  can  then  be  drained 
and  filled.  If  the  glass  S  becomes  clogged  it  may  be  cleaned  by 
shuttiDg  valve  D  and  opening  the  small  valve  H.  This  will 
alloff  steam  to  blow  through  the  glass.  After  cleaning  close 
Talve  H  and  allow  glass  S  to  become  filled  with  water  before 
opening  the  feed  valve.  The  amount  of  oil  fed  to  the  cylinder  can 
be  regulated  by  opening  D 
(Fig.  4")  the  proper  amount. 
The  exact  quantity  of  oil 
neceasafy  for  the  engine  is 
Mt  easily  determined.  For 
ordinary  sizes  it  is  between 
one  drop  in  two  minutes  and 
two  drops  per  minnt«. 

Graphite  is  an  excellent 
Itibricartt  and  can  be  intro- 
duced nito  the  cylmder  dry 
or  mixed  with  some  heavy 
gf^ase  It  has  been  used 
eilensuely  because  of  the 
trouble  which  cjlinder  oil 
gi^'ea  m  the  exhaust  and  m 
tbe  boilers  of  condensing 
enpnes 

In  alow-speed  engines  it 
18  not  hard  to  attend  to  the 

oilingjallthe  parts  aremovingslowly  andean  be  readily  examined 
andoiled.  Many  high-speed  engines  run  bo  fast  that  it  is  imjmsaible 
t"  examine  the  various  parts,  and  special  means  must  be  provided 
for  lubricating.  It  is  specially  impoi-tant  in  high-speed  engines 
fiat  there  should  be  no  beating.  High-speed  engines  are  gener- 
ally used  for  electric  lighting,  and  it  is  absolutely  essential  that 
tliey  he  kept  running  at  the  required  speed  to  avoid  flickering 
%hl«.    ThoB,  while  there  is  greater  liability  to  heating  in  high- 
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lipped  enjiineH,  there  ia  also  much  greater  luss  in  case  beating 
compels  tlic  stopping  of  aii  engine. 

in  order  to  avoid  the  danger  of  forgetting  to  oil  a  l)earing  »f 
!i  Iiigh-speud  engine,  it  ia  customary  tu  liiive  all  the  l>euring»  oileJ 
fixuii  one  place.  All  the  oil  is  supplied  to  one  reservoir  and  (tnai 
lliis  TL'servoir  pipes  lead  to  all  bearings.  If  this  is  nut  dun^Utg* 
oil  cups  are  supplied,  as  a  rule,  so  thai  oiling  need  nut  he  aUenikd 
to  as  frequently. 

In  some  high-speed  engines  the  moving  pitrts  are  encl(K>l 
and  the  crank  runs  in  a  hath  of  oil.  This  secures  certain  ciling 
and  is  veiy  effective.  All  the  bearings  may  be  inside  Uiiamnk 
case,  HO  that  all  are  oiled  in  this  way.  It  is  impossible  fi>r  a  care- 
less engineer  to  overlook  one  point  and  so  endanger  tliw  whiil* 
engine. 

STEAn  TURBINE. 

The  very  earliest  records  of  the  steam  engine  describe  a  fiifl"     i 
of  steam  turbine,     it  consisted  of  a  Itollow  sphere,  as  shown  i"     [ 
Fig.  48,  mounted  on  trun- 
nions, through  which  steam 
was   admitted    to  the    in- 
terior.    Tins  steam  esijiii**"" 
through  pipes  Ijeiit  ung*-*"" 
tially  to   the   cquiitnr  li^* 
of  the  sphere.     The  fi»rif 
of  the  escaping  steam    *^' 
iicled     upon      the    s[ili^'*' 
causing   it   to    revolve    "" 
its  trunnions.     Many  '*^. 
tnriea     later,    in    l^^j 
Branca,  an  Italian, invc»' 
a  rotary  engine  (Fig.  ■*  * 
iu  which    a  jet   of   st*-'''^ 
struck     the    vanes    of 
!ed  it  around  in  much  the  same  way  that  a  }    ^ 
I'eiton   water-wheel.     These  engines  wits  '  , 


whe.-l,  and  thus 
of  WLitci-  acts  oi 
little,  if  any,  pr; 
sleatn. 


L'tieal  value,  and  used  an  immense  quantity 
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In  1705  the  reciprocating  engine  was  introduced,  and  by 
eans  of  Watt's  inventions  became  so  eflBcient  that  the  develop- 
ent  of  the  rotary  engine  was  out  of  the  question.  It  will  be 
raerabered  that  Watt  introduced  the  expansive  use  of  steam  in 
ie  reciprocating  engine,  which  at  this  time  could  not  be  accom- 
lislied  in  the  rotary  engine,  and  until  within  the  last  few  yeari 
nictically  nothing  was  done  to  develop  the  turbine. 

Since  the  days  of  Watt  there  has  been  but  one  important 
lermodjTiamic  improvement  in  the  reciprocating  engine ;  namely, 


Fig.  49. 

e  introduction  of  compound  expansion.  All  other  improve- 
^nts  have  been  in  the  nature  of  mechanical  devices,  and  it  seems 
tenable  to  suppose  that  the  greatest  developments  of  the 
tiire  may  possibly  be  in  the  production  of  some  type  otlier  than 
e  reciprocating  engine. 

In  1883  De  Laval  invented  a  successful  turbine  for  running 
-ream  separator,  and  a  short  time  later  Parsons  introduced  an- 
ber.  Both  of  these  engines  employed  the  expansive  force  of 
^am,  but  each  derived  this  force  in  a  different  way. 

Since  1883  the  development  of  the  turbine  has  been  very 
pid.  The  first  engine  introduced  by  De  Leval,  althougli  fur 
lead  of  the  earlier  foims,  was  still  very  wiisteful  of  steam  ;  l)ut 
>w  such  improvements  have  been  made  that  their  steam  con- 
imption  compares  very  favorably  with  the  consumption  of  good 
Jciprocating  engines. 
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A  modern  turbine  is  a  tremendously  high-speed  engine.  It 
does  not  derive  its  power  from  the  static  force  of  steam  expanding 
behind  a  piston,  as  in  the  reciprocating  engine,  but  in  this  case 
the  expanding  steam  produces  kinetic  energy  of  the  steam  par- 
ticles. These  particles  receive  a  high  velocity  by  virtue  of  the 
expansion,  and,  acting  upon  the  vanes  of  a  wheel,  force  it  around 
at  a  high  speed  of  rotation  in  some  such  manner  as  a  stream  of 
water  rotates  a  water-wlieel. 

In  the  reciprocating  engine  the  expansion  produces  a  force 
which  presses  on  the  piston.  In  the  rotary  engine  the  expansion 
produces  velocity  in  a  jet  of  steam.  This  is  the  fundamental  dif- 
ference between  the  two  forms. 

The  essential  principles  of  w^ater  turbines  are  equally  true 
of  steam  turbines.  The  jet  must  strike  the  vanes  without  a  sud- 
den shock,  and  must  leave  tliem  in  another  direction  without  any 
sharp  deflections.  For  maximum  efficiency  tbe  De  Laval  engine 
should  have  a  jet  velocity  equal  to.  bne-hedf  the  linear  velocity  of  a 
point  on  the  wheel-rim ;.  for  the  Parsons  these  velocities  should 
be  equal.  If  the  velocity  of  steam  is  8,000  feet  per  second,  it  is 
easily  seen  that  even  one-Iialf  of  this  would  cause  too  great  a  speed 
of  rotation  for  safety.  It  would  be  difficult  to  build  a  wheel  that 
would  be  strong  enough  to  withstand  the  centrifugal  force  at  this 
liigh  speed.  It  becomes  necessary,  therefore,  to  reduce  the  speed 
to  the  limits  of  safety,  and  run  under  a  slightly  less  efficiency. 

At  such  high  speed  the  shaft  and  wheel  should  be  perfectly 
balanced,  in  ordcT  that  its  center  of  gravity  may  exactly  coincide 
with  the  axis  of  rotation.  In  practice  it  has  been  found  impos- 
sible to  balance  the  shaft  perfectly ;  and  in  order  that  it  may 
revolve  about  its  center  of  gravity,  various  means  are  adopted  tc^ 
overcome  the  rigidity  of  an  ordinary  shaft  and  bearing.  Thi9 
makes  higli  speed  of  rotation  possible  without  any  apparent^ 
vibration. 

De  Lt'val  Jurhine,  The  De  Laval  turbine  shown  in  Fig.  50 
consists  of  a  wheel  with  suitably  shaped  buckets,  against  which  a 
jet  of  steam  is  directed.  The  buckets  are  on  the  rim  of  the 
wheel  and  are  surrounded  by  a  easing  B,  which  prevents  the 
escape  of  the  steam  until  it  has  done  its  work.  A  piece  of  this 
casing  is  cut  away  at  A  in  order  to  show  the  buckets.     The  steam 
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from  the  nozzles  strikt's  iliesf  hm-kfts  ami  is  dt'llocUul.  Tims  liy 
ihe  impact  of  the  ji»t  and  th<j  ivaciioii  iliu*  to  its  di.'flcLtit»n,  tlie 
wheel  is  caiise«l  to  revolve  at  a  hit^li  sjieed. 

There  are  usually  f«»ur  nozzles  tliat  MiMpIv  steam  to  the  tur- 

V  A       I  ft 

bine,  one  of  whirh  is  shown  in  s«*(  lioii  at  1).  Tln-se  nozzles  are 
small  at  the  throat  and  diverge  outward.  \\y  making  them  of 
the  right  len(]rth  ami  with  the  i)ro[)er  amount  of  divergenet*,  the 
fiteam  can   be  ex[)and<Hl  from  the  pressure  of  admission  to  the 


Fip.  50. 

piessore  of  the  condenser.  ConqJete  expansion  is  olit.iiind  iu 
this  diverging  nozzle,  and  the  steam  lt*av«'s  it  at  ihi*  .Ahiiu.-t 
pressure.     The   steam   then    works   only    hy  \irtn»'  of    i;>    lii-Hi 

velocity. 

This  turbine  has  a  long,  llexihle  shaft  ('  wiij.h  t-an  «lctlr  t 
enough  to  make  up  for  any  eeeentricity  of  tin*  n.-ntt-r  of  Liiavity  nf 
the  shaft,  and  thus  aUow  the  shaft  to  irvnlvr  alM'Ut  its  c.'i.h  r 
of  gravity  and  still  have  rigid  brarings  at  thr  •iid. 

Admission  is  reijuhited  bv  a  throttUr-salvc.  iouiruihd  l)\  a 
flv  Ixdl  irovernor. 
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Fig.  51  shows  a  I)e  Laval  turbine  connected  with  a  generator. 

7%<?  Parsons  Turbine,  Fig.  52  is  a  longitudinal  section  of  a 
Westinghouse-Parsons  turbine.  Steam  entei  s  the  chamber  A  and 
passes  through  the  turbine  vanes  to  the  exhaust  chamber  B.  The 
vanes  are  arranged  as  shown  in  Fig.  53,  and  consist  of  alternate 
sets,  one  stationary,  the  next  movable.  The  steam  strikes  one  and 
is  deflected  to  the  next ;  thus  the  action  and  the  reaction  occurring 
in  rapid  succession  cause  the  movable  sets,  which  are  fixed  to  the 
shaft,  to  rotate  at  a  high  s{>eed.  As  the  steam  passes  the  different 
sets  of  blades,  the  volume  of  the  passages  increases  to  correspond 
Avith  the  expansion  of  the  steam.  In  the  De  Laval  the  steam 
^va8  expanded  entirely  before  reaching  the  wheel,  but  in  the 
Parsons  tlie  expansion  is  accomplished  in  the  engine  itself.  As 
t.he  steam  enters  the  chamber  A  (see  Fig.  52)  it  presses  on  the 
turbine  vanes  and  it  also  presses  equally  and  in  the  oi)posite  direc- 
"lion  on  C,  which  is  really  a  piston  fixed  to  the  shaft.  Thus  we 
see  that  the  pressure  to  the  right  is  equal  to  the  pressure  to  the 
left,  and  there  is  no  end  pressure  on  the  bearing  of  the  shaft.  C^ 
iiiid  Cg  iKilance  tlie  steam  i)ressure  in  the  chanil>ei-8  E  and  G.  At 
W  is  a  l)earing  which  serves  to  maintain  a  correct  adjustment  of 
the  balance  pistons  C.  There  is  proba])ly  some  escai)e  of  steam 
past  these  balancing  pistons,  but  it  is  small.  The  exhaust  steam 
iit  B  presses  the  turbine  toward  the  left,  and  would  cause  an  end 
j)ressure  on  the  bearing  were  it  not  that  the  i)ipe  K  o})ens  a  com- 
munication  l>etween  the  exhaust  chamber  B  and  the  back  of  the 
balancing  pistons,  which  makes  the  pressure  equal  at  both  ends. 

The  bearing  consists  of  a  gun-metal  sleeve  surrounded  by 
three  concentric  tuljcs.  There  is  a  small  clearance  l>etween  these 
tulies  which  fills  with  oil  and  permits  the  bearing  to  run  slightly 
eccentric  to  counteract  any  lack  of  balance  in  the  shaft.  Thus 
the  shaft  may  revolve  about  its  center  of  gravity,  and  this  oil  bear- 
ing serves  the  same  purpose  as  the  De  Laval  flexible  shaft. 

At  P  is  shown  a  by-pass  valve  by  means  of  which  live  steam 
may  be  admitted  to  the  space  E,  if  desirable.  (>i  course  this 
reduces  one  stage  of  the  expansion,  with  a  corresponding  loss  of 
economy,  but  will  increase  the  power  of  the  turbine.  If  the  con- 
denser fails  on  a  condensing  tuibine  it  may  still  be  run  at  full  load 
by  opening  the  by-pass  valve. 
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Steiim  is  admitted  to  this  turbine  in  puffs  tlirougli  a  recipro- 
cating valve.  A  fly-ball  governor  regulates  the  admission,  which 
is  always  at  boiler  pressure. 

For  electric  generators  the  turbine  lias  many  advantages, 
among  them  high  speed  and  direct  connection.  They  have  small 
foundations  and  take  up  little  space ;  there  is  slight  loss  from  fric- 
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tion  and  few  parts.     Where  slow  speed  is  desired  a  reciprocating 
engine  is  prolralily  the  lx*st. 
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Vertical  Type.  For  turbiues  of  large  capacity  the  General 
Electric  Gonipauy  has  applied  these  principles  to  a  turbine  with 
a  vertical  sliaft,  to  avoid  all  imposition  of  weight  on  cylindrical 
bearings  and  tendency  to  shaft  deflection  as  well  as  all  difficulties 
due  to  irregularity  of  expansion  or  imperfections  ef  support. 
The  turbine  is  com{)act  and  of  the  greatest  mechanical  simplicity. 
Step-Bearlns^.  The  step-bearing  at  the  end  of  the  vertical 
shaft  sup{X)rts  the  revolving  jmrt  and  maintains  the  revolving  and 
stationary  elements  in  exact  relation.  It  consists  of  two  cylin- 
drical,  cast-iron  plates  bearing  upon  each  other  and  with  a  central 
recess  to  receive  the  lubricating  fluid,  which  is  forced  in  by  pumps 
with  a  ])ressure  sufficient  to  sustain  the  weight  of  the  revolving 
part.     It  is  apparent  that  the  entire  weight  of  the  machine  is  thus 

carried  upon  a  film  of  lub- 
ricating fluid  and  that 
there  is  no  appreciable 
friction.  When  the  flow 
of  liquid  is  interrupted, 
the  be^iring  is  slowly  worn 
NozzLK.  away,  but  experience  has 

shown  that  interruptions 
in  the  flow  selcioin  fuusi^  any  deterionitioii  which  jyrevents  the  con- 
tinuance of  the  machine  in  service  after  the  flow  is  re-established. 
The  teiidency  of  tlu»  hearinjr  in  such  cases  is  to  wear  itself  to  a  new 
surface  so  that  it  ojuTati'S  norniallv. 

All  lann*  strain  turbint's  ant  necessarily  dej)en(lent  ujK)n 
forced  lubrieatioii.  Failure  of  lubrication  in  a  horizontal  turbine 
is  liable  to  cause  serious  trouble  throucrh  cutting  of  the  shaft  or 
interference  with  the  aliirnnient.  In  the  Curtis  vertical  tvu*  the 
possibility  of  any  trouble  is  minimized  and  the  simple  cast-iron 
bhK*ks  can  readily  l>e  re|)laee<l  at  trillintr  expense.  In  largi*  sta- 
tions, where  sevt»ral  turbines  ari»  operated,  it  is  desirable  to  install 
wei*dited  aeeuiiiulalors  whieh  will  niaiiHaiii  a  <'onstant  pressure 
and  also  act  as  a  reserve. 

Clearances.  Id  <'onse(pieii('e  of  the  exact  relation  maintaiiuMl 
betwtHMi  the  revolviiM*- and  slationa-y  elenjcnts  by  the  sten-lK»arint;, 
it  is  possible  to  o|)enite  the  turbines  with  V(»ry  snuill  cleamnces 
l)etween   the    moving  and   stationary   buckets.      Fx[)t»rience.   how- 
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iciple  of  the  Curtis  turbine  differs  from  that  of  any 
tliat  it  permits  the  use  of  moderate  rotative  s|>eede 
i[)aet  sDd  simple  mecbaiiiBin.  The  turbine  is  divided 
•ach  of  which  contains  one,  two,  or  more,  revolving 
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ied  with  Htciiiii  friini  ii  set  of  i-\]iiinr.ii)ii  iiu/./.U-^.  Aa 
ivided  into  Sfveral  HtM;rcs,  tln^  iinz/ic  vcltH'ity  in  twh 
ed.  thereby  renderiiiif  thi-  unxyAf  nclicii  inon-  .-tlicient 
than  is  iH.ssil.I.-  wluTf  :i  lii^.li.T  Iniliiil  v,-l.„-itv  Is 
hi-.livisi.iri  of  |.re^.-^n.v  l.,.ruv,.ii  iIj,- ^Iul^.^s  is  ;iini]i^'.-<l 

i)siti()n  of  tin-  iii.iviiijr  and  .-^talimiinT  (>in-krtM  witli 
}  no:czlf  is  shown  in  llu'  ju-ciitii|.iniviiiif  diaiinini. 
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Qoverning.  The  speed  of  these  turbines  with  variable  load 
is  controlled  by  the  automatic  opening  and  closing  of  the  original 
admission  nozzle  sections.  A  centrifugal  governor,  attached  to  the 
top  of  the  BJiaft,  imparts  motion  to  levers  ^vhieh  in  turn  work  the 


UUCKETS  IXJR  CUKTIM  STEAM  TURBINE. 

valve  inechunism.  There  are  several  valves,  each  coiiununicating 
with  a  flinfrle  nozzle  section,  or  in  some  cases  two  or  more  nozzle 
sections.  These  valves  are  connected  to  long  pistons,  by  which 
the  valve  can  be  o|)ened  or  closed  by  steam.  The  motion  of  each 
of  these  pistons  is  coiilrolIe<l  by  a  siiiiill  jiilot  valve  which  is 
worked  l)vt  lie  governor  mech- 
anism. The  movement  of  the 
govei'iior  met'hanism  moves 
tlie  pilot  valves  successively 
and  the  main  valves  are  oj)eiied 
or  closed  by  the  steam.  J!y 
suitable  adjnslment,  almost 
any  degree  of  accnracy  in 
sjiced  control  is  obtainable, 
rbiiies  is  Tiaturally  de|iendent 
IS,  and  varies  in  dilFerent  imli- 
bi.w  excellent  results  as 
the  light-load  and  over- 
'I'he  guarantees  of  steam 


g  a  marked  a. 

-coiKimy  made  by   lh<-1ieneral   Klect 

results  <ibtaimil  wilh  machines  in  .>| 

Condensers.     The  largrr  siws  o 

to   iiiierate  condensing,  bill   they  arc 


.-  <'om 


re  basi'd   upon 

'p  are  desigiuii 
J  o|K'rate  nun- 
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condensing,  and  when  thus  operated  will  carry  full  rated  l<md. 
These  turbines  are  designed  to  utilize  the  ex|jnnsioii  of  the  steam 
to  a  high  degree  of  racuntn.and  the  use  of  gocl  (condensing  facili- 
tjeg  is  therefore  dosirahle. 

When  surface  condensers  are  nsed,  the  condensed  water  can 
Ih^  returned  directly  lo  the  l>oiIefs,  aa  it  U  entirely  free  fn>m  oil. 


Enperitmce  abovi  that  dixtilkd  water  tnv  trom  air  )tas  no  liad 
effect  aa  boilfm.  Tbe  poMlbilitj  of  ao  rptnming  water  U  of  ibe 
gmtmt  practical  ralae,  aioce  derterioratioa  of  hoitera  and  loel- 
Seieacy,  tbroagti  dirt  and  ■oUr,  ftro  Mriuns  MMirrca  of  ifspHiuw  in 
imiDy  power  station*.  Id  •uroe  lyjim  of  »tr*m  lnrt«JtM«.  m1  i> 
iotrodDt-rd  in  OHiui-rtiMi  wiUi  imUwioii  piMon*  ur  aU^mnt  pafkittfi:, 
autl  tlirnffurv  tliu  gnst  adraata^  caniMit  Ur  nfaliztvl. 
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Pressure  and  Superheat.  In  these  turbines  steam  is  expanded 
to  a  consid«ralilu  degree  before  it  reacbes  tbe  first  bnckets.  Higb 
teinperaturt)  in  tbe  steam  is  therefore  not  a  source  of  practical  dif- 
ticulty,  and  Btep.iii  of  vt^ry  bigh  pressure  and  bigb  degree  of  snper- 


I  hv 


Tin-  rcdiK'tioii  lit  Hlftti 
ircssure  is  an  ijreat  ill 


cons  II  nipt  ion  by  sujut- 
le  Curtis  turlune  as  in 


lifHt  or  inL-iViisetl 

tiny  form  of  htt-mii  fiiffiiie. 

Wear  on  Buckets.  Tlie  qiiostiou  is  soiuetinieB  raised  us  to 
ibn  rate  of  deti-rioratioii  timmgli  erosion  of  tbe  buckets  in  tbe 
Ciirtia  Stfaiii  Turliiiu-.  KxjtpriiiLciitti  show  conclusivuly  tbat  wbile 
tlie  wcHi-  varies  witli  lUffetvnt  decrees  of  moisture  in  tbe  Steam  and 
witli  different  degrees  of  stt^ani  pressnn^,  it  is  in  any  event  negli- 
gible froni  ibu  HlaiidjM)iiit  of  itiiiintt^iaiice.  All  buekets  iu  tbe 
Curtis  turbine  win  lie  renewed  without  difliculty  and  at  small 
exjienrie.  In  Ihe  lower  pressmx!  Btages".  where  tbe  density  of  tbe 
Steam  is  less,  no  weiir  has  bwii  [lereeptihle. 

Applications.  The  six'^nis  adopted  for  the  Curtis  turbines  are 
sneh  as  to  give  the  best  results  in  the  design  of  the  generators. 
eoiiseijUenlly  llLedenetal  Klei-liic  geueraloi-Hdesigiu'd  for ojHT.itioii 
with  turbines  have  high  ellieieiiev.   and   are  so  proportitmei.1  that 
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thvy  will  carry  heavy  overloads,  wjtlioiit  iiijiirioiiH  Ix-atijifr.     Tliiw 
tiirl>in«8  are  built  in  sizes  nuigln;;  fnuti  1 1  h'w.  to  'i.tHHt  Kw, 

Tbu  Curtis  turbine  is  a\m  Kiiital>)i-   Tor  ilrivint;  (;fiitnfiitr»I 


pompe.  klowm,  bail,  knd  nth-*  ^'.:t:'..i 
i^och  spplicstioiu  arc  firrir.ff  rkf.:-:'.:  ''.'■ 
the  «lein*l>d  for  email  dir-'-r.'rri.-T-r.-. 
erp.  trsiD  lif^tin^. and  iWj^Tjrti   '..;■:.■.. -. 
tOfHleoflBg  borizuDtal  »baft  tar-.'-r.-r-.  :, 


ill  caiwity  fmiii  li  Kw.  tn  :HM)  Kw.  TliftH^i  iiiHrliiii(n« ari' dreij^Mil 
l»j  ojmniti;  at  low  Blinfl  sintii  witliitiil  thu  nsf  of  gt^nriii^  niid  aliu* 
rt-lativt-ly  high  sleBiii  wononiy  M'iien  u[wrttti{i)i;  otin-randi^iiili)^. 
Tbey  are  self-f.'outaiui.'d  and  are  aatoiuattc  in  rfgiikliun. 

The  iiia<-hiit«  sbuu'ti  in  thp  HccotiipHtiymff  diagram  W  Wii 
tviBtud  tindor  ii  varifty  of  (*(iui] itiotii  at  Newport,  and  hu  pm 


illiistniti'  vtTv  "fll  the  i 
Amoiitf  other  testa  that  were  iiimii',  the  i 
a  rapidly  chan^iiijr  niliway  hmd;  the  nioinentary  varialioiis  of  loa< 
aiiumnting  to  al»out  120  Kw,  In  one  test  tlie  average  hmd  carrie< 
witii  this  fluctuation  was  '2T}0  Kw.,  and  the  steam  consumption  w:i 
24.4  fmunda  per  Kw.  hour  outjmt,  with  saturated  ateam.    Aiiothe 
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U^l  was  iiiiu  vftlh-aiutiUr  llw^tiiatiMiia  miiiI  wiUi  mii  HVr'nii;<'  nf  l:!l 
Kw.  Tlit'Miwni  trunsntdptiiii:  innli.T  tliin  i-ntiiUliitii  »:>n'.N>.T  jumiMii 
of  MllirUo)  xlfam  jhT  Kw.  hour  (tlU|int.  The  Ih"^!  hTi]'r<H»tii^L' 
vnj«iut'  iiiiiW  vun<liti(iii!4  of  llu-  Urst  t*»t  wodM  |irulj«liljr  ci'tirimiu 
fmiii  'is,  ii,  m  |«.iiiiitH.|-T  K».  Lour. 

The  We&tinghouse-Parsons  Steam  TurWoe  uiiiintMi  un  tif 
-pni)ri|ili-  llini  Htitiiii  i-xjMtiiiliiig  llm»LgIi  n  (it'finitf  nii)(P  uf  Ifin- 
(vraturu  simI  prtfsnn*  «.\prte  ihf  »mio  t-nergy  nlietlii-r  it  im^ 
fruiii  n  stiiluMi*  orilin<  w  fxjmmla  ^^iiial  »  n-i-«<(}ing  |>i><toii. 

Two  traDsfuniiatiuiisof  eiii<r^takv{ilite»iti  Uus  sltuiu  torUii''; 
first,  froat  thi'niuJlokinftic<'0i'rgj;6«'«nd,  ftom  kiDi<tii;t!ai^[u 
nwfiil  wciric.  The  latter  alouc  pivscnts  an  analog  tii  tlii* li vJnu''<= 
Inriiiim.  TItw  milical  OitTen'mv  bt-twix-n  tbu  two  IntttiuMliiiui 
th(<  litv  ilirtiittiT  of  sitratn  ne  «>ni|ittrfil  MJlli  watt^r,  atitl  tlw  irid« 
Tarialiiu)  uf  iis  Vtiliiitii'  under  vunriiig  tvnipemtufvc  and  junKaif^ 

A  ivjitiral  Weztlitighonw-I^MlMWis  tarbinv  is  slimirn  in  KClIn 
in  tbe  illiistnttion. 

Hip  stcAiii   rr>luiii«  pnig:rv8eivpl)r  incrMWU  from  inletAtii 
exhuiiat  11  in  ttu*  aiititiUr  ;i[huv  bplwtwn  tW  rotnliiif*  iipimtle  W 
the  rvliwier  walls.     The  etiiirv  cx|i.tiisiiiii,  «Iii.-!i  is  !ij.],ri>viiiiiii!v 
adiahatic*,  is  carried  out  within  tlii^  :>!i]iii: . 
,-M-.:!i;.l!_v  rvs,-n.l>Jesas!u.|.K-   i\Wcv..  ■.■ 

ihr?  <1  J iFiTfinv.  hnwfrpr,  thai  «ht-r':i-  ^ji  ri  ;i  ^. 

of  ibf  n-orkiiii:  Bt«ani  te  exjtandt^  U]ion  iis>>lf  in  prodac-iD|!  bi|!ii 
vfltK-iti«'s  of  ctHiix,  in  the  ^Vrstinghotise-Parsong  turbine  the  lui^ 
i*iu-i^\  diw  Iot'\[uinsiuii  Wtwi-en  pressure  extremes,  is  eilbdividw 
iriui  a  niiinWr  of  step.  In  each  Btep  the  dynamic  n:lationdii|i o' 
jei  am)  \itite  is  iiiK'li  as  to  ^vnre  a  <.-oin[iMrHtivi'lv  low  arertf!^ 
\rl.K-iiv  fn>in  itil.-t  tooxlmui't,  this  tn-tn-raHv  viirviiiix  fniin  KjO  U^ 
|nr  S(\Miul  !*#  !>  uiiniiinun  at  the  high  pressure  end  to  about  fiO*^ 
f.Ti  ]>.T  ^■'.vmi  as  a  iiiaxiiiiuiii  at  the  low  pre^isiire  end. 

The  result  is  of  ihe  utimwt  iniportaniv.  With  hiph  steal'' 
Vflivitif^.exivsjfive  snrfaoe  sjieeiis  are  eiieouiitered. causing  serioii^ 
I.v-s(-i  fr\>ui  riutd  frieliou  and  rapid  deterioration  of  [wrl^  fnmi 
ti\v.ion.  With  low  su-ani  voWilii-s,  eoinniereial  speetis  ar*'  readily 
I'l'iaiortl,  frii'titui  loss  is  i;reaih-  reiluoeil,  and    the  depre^-iiUpn  ■■« 
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ill*'  tiirUliio  rr<.>iii  practically  the  only  rioiircc  of  wear  Ikvoiiics  inap- 

Tlie    ex|»aiir^i()n   of  steam  at  any  one  element  is  ty|)ieal  of  its 

workiniT  tlir<>u«Tlu>iit  tlie  turbine.     Each  element  consists  of  a  rincr 

of  >tiitic>iuirv  aiul  a  rinj^of  movinir  blades.     The  former  tfive  direc- 

tioii  aiiil  vc-liKMtv  to  tile  steam;  whiles  the  latter  immediately  con- 

vort    the    fntM*<xy  of  velocity  into  useful  torque.     The  total  torque 

n|M3n  tlie  shaft  is  due  both  to  impulse  of  steam  entering  the  mov- 

injl  \)lades  aii<l  to  reaction  as  it  leaves  them. 

A  I'oiKleiisinjT  steam  turbine  in  oi)eration  affords  a  strikintr 

exaiiiple  of  the  conversion  of  heat  into  work.     The  temj)erature  of 

the  cvlinder  falls,  within  a  distance  of  three  or  four  feet,  from  3()5 

dei'ives   Falirenheit  at  the  hiixh   pressure  end  to  115  deirives  at  the 

exhaust  en<l,  when  working  with  15i)  jiounds  of  steam  juvssure  and 

27   inches  vacuum.     These  temperatures  remain  constant  during 

oi>eration.     There  is  no  alternate  condensation  and  re -evaporation 

as  in  the  juston  engine. 

Construction.  The  Westin<jhouse-Parsons  turbine  in  effect 
consists  of  but  two  essential  elements — a  casing,  stator  or  slation- 
ary  part,  arxl  a  rotor  or  rotating  part.  A  brief  detailed  descrip- 
tion follows: 

lini'ittnij  FAt'incnf.  Tlie  rotating  element  is  built  up  of  cast- 
stet-l  drums  carryinix  rows  of  blades  or  vanes,  these  beintr  mounted 
on  a  steel  shaft.  These  drums  are  arranged  in  three  ste[>s  of  in- 
creasing diameters,  but  the  selection  of  three  diameters  is  merely 
for  mechanical  convenience.  Provision  for  the-j)roj)er  expansion 
of  the  steam  micrht  be  made  whether  there  be  one  or  several  diam- 
eters.  If,  however,  a  sjx>ed  and  diameter  of  rotor  be  selected 
that  would  ])erTnit  of  a  convenient  size  of  blades  at  the  outlet,  those 
at  the  inlet  would  become  inconveniently  small,  and  /•/<•<  w /'.s//. 
l>v  varyiuiT  the  drum  diameters  at  several  convenient  ])oints,  the 
pni|ier  velocity  relations  between  steam  and  vane  may  Im'  ])reserved, 
an<l  at  the  same  time  the  number  of  different  sizes  of  blades  may 
Ik*  re<luce<l  to  a  minimum. 

OpjHiseil  to  the  three  sets  of  blades  the  sj)indle  also  carries 
tliree  rotating  balance  pistons  P,  each  of  such  diameter  as  to  exactly 
l>alance,  by  means  of  the  passages  E,  the  axial  thrust  of  the  steam 
aij^inst  its  corre8j)onding  drum  of  blades.     These  l>alance  pistons 
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revolve  witliin  the  cylinder  with  a  close  lit,  but  are  not  in  mechan- 
ical  contact.  The  adjacent  surfaces  are  provided  with  frictionless 
packing  rings  wliich  offer  so  devious  a  path  for  the  steam  as  to 
make  leakage  past  them  inappreciable.  The  shaft  also  carries  a 
small  thrust,  or,  more  pro|)erly,  adjustment  bearing  T,  whose  sole 
function  is  to  maintain  the  normal  mechanical  clearances  between 
the  rotating  and  stationary  blades.  These  clearances  may  l)e  con- 
veniently large  without  lowering  the  efficiency.  In  actual  practice 
they  are  never  less  than  one-eighth  inch,  and  in  large  blades  are  as 
much  as  one  inch. 

Casing  or  Stationary  Element.  Tlie  interior  proj)ortions 
of  the  casinor  conform  to  the  several  diameters  of  the  rotor  and  its 
parts.  Around  its  inner  surface  are  fixed  rings  of  blades  which 
alternate  in  position  with  the  rings  of  revolving  blades  upon  the 
rotor,  and  are  of  reverse  pitch.  The  cylinder  is  divided  along  a 
horizontal  plane  so  that  by  simply  lifting  the  cover  all  the  working 
parts  are  exj)Osed  to  view. 

JilajJes,  The  precise  curvature  and  arrangement  of  the^^^^^ 
blades  is  the  result  of  both  theory  and  exhaustive  ex[)eriment^  ^^  ^ 
The  blades  are  so  assembled  as  to  admit  of  great  ease  of  repair  —^  ^^ 
and  by  a  calking  ])rocess  which  holds  them  so  firmly  to  the  bod*^  JE^\\ 
of  the  rotor  that  they  will  pull  in  two  before  they  can  be  drawr  ^.^^^ 
out  by  force. 

(rhnnls,     Frictionless  glands  are  ])rovided  at  the  ends  of  itJ^^he 
casing  or  stator  to  ])revent  the  escape  of  steam  or  the  influx  of  H^m^^^lj^ 
into   the   turbine  at  the  ]>t>i^Jt  of  entry  of  the  shaft.      Air  leakai^  _^i<m 
is  particularly  detrimental  in   eases  where  it  is  desirable  to  nuii  .S^  f/j. 
tain  a  high  vacuum.     The  water-sealed  glands  used  in  the  AVet-  -""SN 
inghouse-Parsons    turbine   elfectively    prevent   this   leakage,   ai 
further,  recjuire  no  lubrication.      It  is  impossible  for  any  oil  fn 
the  bearinjTs   or   the  hi'hricatinij:   system   to  fin<l   its  way  into 
steam  S])aces.     There  are  no  rubbing  surfaces  in  these  glands, 
experience  has   dtMuonstnited  that  wear  is  negligible.     The  w 
used  for  sealing  them   is  small  in  (juantity  and  is  not  wasted^ 
after   s^Tving  its    juirpose,  it  may  be  returned  to  the  feed-wafer 
system. 

Juurinys.     In    turbines  of    moderate  size    and   therefore  of 
relatively  high  roti*tive  speeds,  llexible  bearings  are  employed  in 
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Acr  to  permit    the  spindle  to  revolve  upon  its  gravity  instead  of 
s  geometric    axis.     This  expedient  is  desiral>le  to  absorb  the 
i\\)Tation  wliieli    occurs  while  the  turbine  is  passing  its  critical 
s^eed.    The  l>earing  consists  of  a  nest  of  loosely  fitting  concentric 
bronze,  sleeves   with  sufficient  clearance  between  them  to  insure 
Hie  formation    of  oil  films.     These  form  cushions,  permitting  a 
certain  amoniit   of  vibration   of  the  shaft,  but  at  the  same  time 
absorbintr  and  restraining  it  within  narrow  limits.     In  thejarger 
sizes  of  turbines,  however,  and  in  fact  for  all  machines  running 
below  1,200   revolutions  per  minute,  the  flexible  bearing  is  not 
necessary.     Instead,  a  split  self-aligning  bearing,  lined  with  anti- 
friction metal,  is  used  as  in  ordinary  forms  of  moderate  speed 

ma^hinerv'. 

* 

Lnhnrafion.  In  the  Westinghouse- Parsons  turbine  the  bear- 
ing surfaces  are  so  liberally  proportioned  that  the  entire  weight  of 
the  rotating  element  is  supported  upon  a  fluid  film  of  oil  through 
capillary  action  alone,  and  without  the  use  of  oil  under  high  pres- 
8U^e^s.  A  small  j)ump  driven  from  a  worm  gear  upon  the  shaft 
circulates  oil  through  a  closed  lubricating  system,  comprising  in 
"It?  order  of  their  arrangement — pump,  oil  cooler,  bearings  and 
r^rvoir.  The  oil  is  always  supplied  to  the  bearings  at  the  point 
^f  least  pressure;  that  is,  at  the  top  of  the  shell,  from  which  it  is 
distributed  around  the  shaft.  The  pressure  upon  the  fluid  films 
^  due  simply  to  a  static  head  of  one  to  three  feet  of  oil  sufficient 
to  insure  thorough  flushing  of  the  bearings.  It  is  probable  that 
^^e  sliaft  never  comes  in  actual  contact  with  the  bearincrs  but  is 
^parated  by  the  oil  film,  as  is  evidenced  by  the  preservation  of  the 

^'^giual  tool   marks  upon  the  interior  of  the  shell  after  years  of 
nse. 

Goc^'f'ffor.  Steam  enters  the  turbine  in  puffs,  not  in  a  con- 
"^mous  blast.  Sj)eed  regulation  is,  therefore,  accomplished  by 
P^portioning  the  duration  of  the  puffs  to  the  load.  This  is  done 
"pneans  of  a  small  pilot  valve  actuated  directly  by  the  governor 
*^d  which  controls  the  steam  supply  through  the  main  poppet 
Mission  valve.  When  the  turbine  is  in  operation  the  main 
Puppet  valve  is  continually  opening  and  closing  at  uniform  inter- 
^^'s,  but  the  periods  during  which  the  valve  is  allowed  to  remain 
<^pen  are  proportioned  to  the  load  on  the  turbine.     At  light  load 
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the  valve  opeiiR  fur  a  very  slioi't  jwHckI  and  remains  eloswd  during 
tlie  greater  part  of  t!ie  interval.  As  the  load  increases  tlie  ]»eri(K] 
lengtheiiB,  niitil  finally,  Ht  alxint  full  loiid,  the  valve  does  ntit  reach 
its  Beat  at  all  and  continuous  ]>re8sure  is  obtained  in  the  high 
preBBiire  end  of  tlie  turhine.  Oil  the  load  becoming  further 
increased  an  anxitiiiry  or  secondary  valve  begins  to  o|>en  and  to 
admit  Bteant  tu  the  annular  space  at  the  beginning  of  the  inter- 
mediate drum   uf  the  rotor  where   the  working  Bteam  areas  are 
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gtvjiti-r.  This  iinTi'tiscs  in  |ir(ij)ortion  the  total  power  of  the  tur- 
liino.  The  o[K'rHtion  of  this  (iecoridary  popjtet  valve  is  the  same 
as  that  of  the  main  a<1tnii<sion  valve,  so  that  the  governor  anto- 
niatically  conli'olB  the  |io\vcr  and  ajK-ed  of  the  turhine  from  no 
l(j;ul  lo  huch  overhimlM  as  are  usually  beyond  the  limits  of  generat- 
ing appriratiis  built  on  normal  ratings.  Tho  turhine  also  ofierates 
at  its  fi"<f,  ■■■■..,„'i,i:i  at  or  near  full  rated  loud,  although  possessing 
at  the  same  time  large  overload  eapaeity  with  remarkably  high 
elticiem-y. 

The  governor  is  of  the  Hy-liHli   type,  the   ball   levers  Wing 
mounted  on   knife  edges   instead  of  jiins  to  secure  sensitivenesH. 


STEAM  TURBINE  15 


The  sjK.^1  of  the  turhine  while  running  may  be  varied  within  the 
limits  of  the  governor  spring  by  grasping  the  knurled  hand  wheel 
at  the  top,  when  the  spring  and  tension  nuts  may  be  brought  to 
rest.  Adjustment  of  the  spring  tension  may  then  be  made.  This 
feature  is  particularly  useful  for  synchronizing  the  speed  of  alter- 
nating^ current  generators  operating  in  parallel  and  for  distributing 
the  load  l)eiween  them  when  so  operated.  The  figure  shown  illus- 
trates diagrammati willy  the  connection  between  the  governor  and 
the  pilot  valve.  Variations  in  the  8j)eed  change  the  ht^^ight  of  the 
fulcrum  of  the  lever  on  the  governor  spindle,  which  in  turn  varies 
the  throw  of  the  pilot  valve  relatively  to  the  valve  port.  This  con- 
trols the  main  valve  and  steam  admission  as  above  stated.  Recip- 
rocating motion  necessary  to  o[ierate  the  mechanism  originates  in 
an  eccentric  driven  bv  the  turbine  from  a  worm  on  the  main  shaft. 

Sjhril  Lhitif,  On  the  larger  size  turbines  an  automatic  cen- 
trifugal speeii  limit  governor  is  provided  which  instantly  shuts  oif 
the  steam  supply  if  a  predetermined  excess  of  spetnl  above  normal 
should  be  reached. 

i.'nnpltnfj.  A  tlexible  sleeve  coupling  connects  the  tur])ine  to 
Its  generator.  Either  jnacliine  may  thus  be  dismantlt^l  without 
^'^tnrhing  the  renuiining  adjustments. 

The  De  Laval  Steam  Turbine,  which  dates  l)ack  to  1S.S2,  and 

J.  .  .  . 

^^Vs  elaim  to  be  the  ])ioneer  of  practical  steam   turbines,  was  first 

^*^nstnicte<l   by  Dr.  (lustaf  de  I^val,  of  Stockholm,  Sweden.     His 

"'^t  turbine  was  of  the  reaction  ty{)e  and  was  useil  in  conjunction 

^^^1*  his  world-famous  Cream  Separator.     In  1888  he  built  a  tur- 

*'*^  of  the  single  impulse,  free  jet  type,  which  differs  only  in  ini- 

P^ovt^iiKMit  from   the  engines  of  the  present  time.     The  De  Laval 

/^^lune  has  only  one  set  of  vanes,  and  one  set  of  expanding  nozzles, 

^  'V^hich  tlie  complete  exj)ansion  of  tlu»  steam  takes  ])lace  in  one 

^P^ration,  resulting  in  a  high  velwity  jet. 

The  kinetic  enercjv  of  the  let  is  successfully  utilized  by  usinir 

*^^gh  vane  8[)ee<ls,  easily  attained  by  mounting  the  turbine  wheel, 

^^'Wh  is   of  spi*cial   design,  to   withstand    the   centrifugal   strains 

^*?Veloj)ed   at  that  speed,  on  a  flexible  shaft,  /./.,  a  shaft  of   snch 

dimensions  as  will  allow  of  the  wheel  rotatintr  about  its  center  of 

niass,  in  place  of  its  center  of  sphere.     This,  the  ^'critical  sj>eed'\ 

Usually  takes  place  at  about  one-sixth  of  the  rated  sj)eed.     The 
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oltjw!t  titlaineii  is  that  all  vibrations  duo  to  aneqtuil  Imlanciiii; 'li- 
ap[iear  on  peaching  ttiis  point.  It  van  h<>  notod  \*y  anyonnsWu 
atarting  np  a  I>e  Ijtnil  tnrbhie.  hy  llic  BUddon  (jniwlitig  «VM*ii 
takes  plat^i-. 

Tlio  vflot'ity  of  tlie  Bl»'am  jet  Ixniig  f^ivpii,  and  with  Uii-  ""i?''" 
at  an  angle  of  20  degrees  (u  thu  [ylanu  fif  tliw  bavkots,  Un  vnlio^iiy  i' 
tlie  turliine  wheel  sliould  be  47';^^  of  thy  velocity  of  tlw  Btown-  Tur 
nitsolute  velocity  of  the  stoaiii  leaving  tlio  buckete  is  Uitn  'i^"!-  "' 

lO    ,      V 


......      ...         ,  „     r         ,2!)  V  350  y  8.R00 

the  initial  velocity,  and  tlie  formttUi    -    -^^ — .„-  - 


and  Vj  are,  respectively,  the  initial  rim!  final  vi-Ioi'UJm.  will  pW  I 
tho  theoreticjil  steam  consumption.  Willi  aii  inttja]  velmlj  m  I 
4.n0()  ft.  per  Bee.  this  would  be  '.',1  Uw.  [mt  hor*e>ptWVr. 

Praetiwil  considerations,  however,  confine  thv  Ih  lAni  * 
to  a  lower  peripheral  speed,  V.. ..  »V)ont  l.HSO  ft.  per  hc,  in  p! 
of  1,880,  as  it  fihonld  bi-  in  the  wiso  jiisl  givon.     Tlli»  g(w«  j 
theoretical  consniiiptloii  of  i*.H  in  placB  of  I'.l. 

The  liiickete  are  BejHtralely  drop-forged,  and  are  iittrd  iitto  the 
wheel  by  means  of  a  liulb  shank  fitting  into  a  corrus{)onding  slut 
luillei.l  in  the  wheel. 

Till-  steam  nozzles  are  of  bronze,  except  wh''re  high  siiporliPBl 
is  11^-ril.  wlii^n  nickel  Ktecl  is  sTil.sli.iitc.l.  Tiie  rw/./.h-  wvlion  [Hil- 
iirjillv  viu'ic^iwith  the  Bleaitiingcunditions.  i.e.,  high  or  low  vacuum, 
iiiiii  hii;li  (ir  Inw  sleriiu  [iresiin  res,  a  greater  divergent*  Ix^ing  allowed 
fur  ilic  high  pressures  ;uid  high  vacuums. 

V.y  cl.i^iiJL'  '^■inic  of  tbcs,^  nozzles  on  a  steady  light  load,  tlie 
throttling  cfr.'ci  of  the  ^tc;iiri  i.^^  so  decreased  as  tti  give  excellenl 

ellh-ionci.-s  nil  light   Inaiis. 

Ic^igii,  us  is  seen  in  the  accomj«nv- 
I  11. 1',  turbine  dyiiiimo  with  uppr 
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placed  . 


Ill  uilililioti  tu  tiilH  ]iit*aiiB  of  uttntrol,  mi  uir  vbIvo  is  iilavrd  on 
illy  wheel  CHat',  oiR-rated  by  tlie  guvernor  »\yovt)  h  wrtwiti  sidvil, 
jiilmiLliiig  uir  into  the  wliwsl  casts  and  tliereliy  producing  n  iirMkiog 
effwt  on  tlie  whwl. 

TliB  niaU*rial  used  in  tlie  eonstrnctioL  of  the  Dm  I^vmI  tiirliitie 
is  only  of  a  high  grnde.  The  wheel  ciiee  is  of  ciist  »Um-'I;  tht>  tur. 
liirn'  wliifl  iind  shftft  of  forged  nic'ki>l  etoel;  the  gt-ar  wlic<?ls  of  ens! 
iron,  with  h  mild  steel  riui  put  on  by  liydnmlit-  jiroseiiiv, 

Thu  De  Ijival  steam  turbine  is  useil  on  all  furiii«  of  bi^i 
s|>eetl  work,  and  ia  fflfxvially  adnpLatilo  for  diivct  connection  to 
elwtric  gt-nttrntoiM  (Iwth  Hllermitiiig  and  diri'ct  current i.  forom- 
trifiigal  pnnipa,  and  for  air  or  gas  blowei-s. 

Tile  De  Lfivnl  eti-am  turbine  will  work  under  ail  i>\iBliiig 
i-oiulitionrt  from  (JO  Iba.  non-L-ondeoBiitg  up  tu  250  llt^.  und  uv<t. 
eondeiisiiig;  the  iiozdeB   naturally   Ijeing  made  to  suit  thu  panic:- 


MANAGEMENT  OF  DYNAMO/ 
ELECTRIC  MACHINERY, 


The  object  of  this  instruction  paper  is  to  set  forth  the  most 
important  features  which  must  be  considered  in  the  actual  handling 
and  operation  of  electric  generators  and  motors.  The  principles 
and  general  construction  of  direct-current  (D.  C.)  and  alternating- 
current  (A.  C.)  generators  and  motors,  are  treated  elsewhere. 

The  subject  may  be  divided  into  three  parts  as  follows: 

•A.     The  Selection,  Erection,  Connection,  and  Operation. 

B.  The  InspectioD  and  Testing. 

C.  The  Troubles  or  ** Diseases*'  and  Remedies. 

SELECTION  OF  A  MACHINE. 

The  voltage,  capacity,  and  type  of  machine  are  dependent  upon 
the  system  to  which  it  is  to  be  connected,  and  the  purpose  for 
which  it  18  to  be  utilized,  but  there  are  certain  general  features 
which  should  be  considered  in  every  case. 

Construction.  This  should  be  of  the  most  solid  character  and 
guaranteed  first-class  in  every  respect,  including  materials  and 
workmanship. 

Finish.  A  good  finish  is  desirable,  since  it  is  likely  to  cause 
the  attendant  to  take  greater  care  of  the  ecjuipment. 

Simplicity.  The  machine  should  \ye  as  simple  as  possible  in 
all  its  parts;  peculiar  or  complicate<l  features  should  be  avoided, 
unless  absolutely  essential  for  the  operation  of  the  system. 

Attention.  The  amount  of  attention  re([uired  by  the  machine 
should  be  small.  The  numl)er  of  screws  or  nuts  should  be  reduced 
to  a  minimum,  and  thev  outrht  always  to  be  i^rovided  with  some 
locking  device  to  prevent  them  from  becomincr  loose.  The  brushes 
should  be  capable  of  being  easily  adjusted  and  self-feedin<r,  so  that 
they  may  "follow''  or  make  up  for  any  tritiing  eccentricity  of  the 
commutator.  The  bearings  should  l>e  self-oiling,  and  in  the  smaller 
sizes  self-aligning. 

Handlini^.  An  eye-bolt  or  other  means  by  which  the  machine 
can  l)e  easily  lifted  and  moved  is  desirable.  It  ought  to  be  jjossihle 
to  take  out  the  armature  conveniently  by  removing  one  of  the 
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lifarings,  or  the  tops  of  the  field  magnet,  franit-  and  U-nri 
moving  the  halves  gldewup  if  tlin  frame  ia  split  vertita 
Brmatiire  and  field  windiuga  shmiM  Iw  so  (jcsignvd  and 
(hat  their  removal  for  repairs  ia  au  easy  matter. 

Interchangeability.  The  machine  Belcctwl  should 
'je  ortL'  of  a  regiiliir  and  Ktandsrd  type,  eo  that  extra  pa 
ohtaiiied  witli-mt  ntedlesB  delaj. 

Regulation.  Siinie  form  of  regidatinjT  devicw  shoni 
vided  hy  nji-ana  of  which  the  E.  ST.  F.  or  cnrn-nt  of  a 
or  the  s|iftH],  find  in  8;)nie  eases  the  direction  of  roti 
motor,  can  he  readily  and  accurately  controlled. 

Form.  The  raachino  should  he  symmetrical,  vn 
tioned,  compact  and  solid  in  form,  llie  large  and  heav 
should  he  placed  an  low  as  jwssihie,  to  give  greater  elaW 

Weight.  It  is  a  mistake  to  seWt  a  very  light  mac 
it  ip  for  stationary  use,  since  weight  increase's  its  atM 
l»ility,  and  duruhiiity. 

Capacity.  This  should  be  ample  for  the  work  to  In 
fact  it  is  advisable  to  allow  a  margin  for  incTeascL  Tht 
shuiikl  he  provided  wilh  tht-  maker's  name-plate,  spec 
rated  current,  voltage,  speed  and  capacity.  The  ma 
slioiild   '.ihn  -ii;ir:ml,-e  thr   follmviii.r:     Thut  the  machin 
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iintilv  I'laced    iijmjii   a  if(MMl  ami  solid  fuiin(lHtiui> ;   otlierniw,  no 
rattirliow  Wfll  coiistnirtf<iantl  iiiaiiag<>(l,  thevibratidiiaoci-iirriiig 


iKKir  foiiiutatiuii  \ 


roduce 


■|arking  at  the  brusbe'i,   and  its 
ic«iiii|ianYiM^  troubles 

It  is  also  ui-cessary,  i£  the  ma- 
chine is  belt-driven,  to  mount  it 
ajion  rails  or  a  i^lidinj^  lied  jilate 
iruvided  witli  lioldiiig  down  bolte 
mdlifjliteniiiij;  screws  for  alifrniiig 
mil  adjiiBtiiiir  tbe  belt  «lide  the 
iiat'liiue  is  in  o]>er.itioti  ^l?t«  Fig. 
1 1.  The  loacbinerv  foundatiODS 
'ODfistofa  inai-6  of  stotie  nia'-oury, 
irickffork,  or  concrete,  iijion  w  hich 
bvmai-hinery  is  jilaeinl  and  usually 
leld  firmly  in  place  b\  bolts  jwfcs 
iBg  entirely  through  the  mass.  These  bolts  are  hui!t  into  the 
toundations,  tlie  jjroi»er  jwsition  for  them  beiiii;  deteniiiiieil 
bj  a  wooden  template  suspended  above  tbe  foumlation,  ii^ 
EbowQ  ill  tig,  :.•.     Tlie  holts  are  preferably  surronndi-cl  by  iron 


Fig  1 


Fig.  2. 
•■  tliat  fixes  tlieni  bmjfitudinally  I 


boles  readily.  The  lirickwork  for  inachinery  fouiidatious  slioo 
cousiHt  of  Lnrd  buined  bricks  of  Urst  qtiatity,  /'f/'//  in  tf't/  rrm<H 
>it»rtar.  Ordinary  liuie  mortar  t»  i-ntirelif  inijft  for  tJie  purpw 
being  likely  to  crumble  away  under  the  effect  of  the  vibrBiion 
caused  by  the  maebinery.  Urick  or  coucrete  fniiDdationa  sfauuld  b 
finished  with  a  cap  of  bluestone  or  cement.  Tliis  tetitli!  to  huliJ  tit 
foundation  together,  and  forma  a  level  surface  iijton  which  to  wi 
the  machinery.  If  the  engine  and  generator  are  providdl  willi « 
cast-iron  sub-base,  the  capping  may  be  dis{)eneed  with 

Fixing  the  Machine.  In  fixing  either  dir«!t-conDifl«l  or 
belt-driven  machines,  first  determine,  with  a  long  8lr»ight  wige 
and  spirit  level,  if  the  ti>p  of  the  foundation  U  level  and  true.    If 


this 


found   to  he  the  case,  the  biildii 


IhiIis  Diav  1j>' 


dropped  into  the  liules  in  the  foimdation,  if  they  aib  not  aln^J 
built  in,  and  the  machine  carefully  placed  thereon,  the  ends  ot  liu' 
Ijolts  being  passed  through  the  holes  in  the  bed-plato  and  swuri'l 
by  a  few  turns  of  the  nuta.  The  machine  should  then,  if  Wl- 
eoimected,  be  carefully  aligned  with  the  transmitting  ptiUeyortty 
wheel.  Particular  attention  should  be  paid  to  the  aligntnenl  uf 
the  pulleys  in  order  that  the  belt  may  run  properly.  If  dirwt- 
conni'cte*!,  the  dynamo  bed-plate  and  armature  shaft  must  be  care- 
fully itli<:iK-d  and  ildjll^'tl■d  with  resjiect  to  the  engine  shaft,  raising 
or  luwcriiig  the  bcii -plates  of  the  convsponding  machines  bymrtua 
of  thill  c;ist-iniii  <jr  oilu-r  wedges;  and  the  generator  frame  shi>ulii 
also  be  adjush-d  tu  ils  projier  height  by  means  of  tliiii  strips  ot 
met!il  or  filiiT  si>t  between  its  suj.jiorting  feet  and  the  IW-ptate 
Having  llms  aligiu-.l  and  leveled  the  machine,  it  should  noxt  >>■ 
gn.ute.l  with  liiin  eciricnt.  This  is  done  by  arranging  a  wall  o 
mild  i>r  wimileii  hnttciiri  iiiiiuiid  the  iK-d-platea  of  tiie  m;icliiii*-= 
and  niiniitio-  iii  tliin  <viin-iit  until   the  holdinir-down  bolt  linles  *r 


lillcd.: 


nial 


"Wli 


It  has  riM.i 
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r>lttvi  Coucwiioa. 
Belling. 
Hope  Uiitini;. 
Tontlivd   (tiinriiig. 

OtbtT  Ap|iant[ti9,  6uch  aa  sliaftiDg,  chitcLes,  Iinngers  and  pul- 
I'Ts,  orf  ust-il  in  ciiinecliiiii  with  tlie  above  niimns. 

Direct  Connection.  IImm  is  the  simplest,  aiul  fur  tliat  rtuiHun 
llie  must  dcsinililf.  niiiiiis  of cutiiii-ctiun.  jtrovidt-il  it  can  be  carried 
oat  without  involv-lng  Racritices  that  offset  ita  advautugt-s.     This 


Pie-  3. 
metliud,  al.-M.  cunwl  ilnvct  coii|)liiig  ur  diri-ct  driving,  compels  the 
''"gill!  aud  gLTiiTntor  to  mn  jit  the  eaiiio  sjn;ed.  which  gives  riso  to 
•"owdiffirnlly.  *3  llifl  woat  desirable  Bpeeds  of  the  two  maoliiDee 
''*  (W)t  asaally  agrtv.  The  natural  speed  of  a  generator  is  high, 
*  bile  that  uf  an  engine  ia  lew;  heuce  to  obtain  the  same  voltage 
''^m  a  ilirecl-connecied  generator,  mtiro  indiictora  are  rieceasary, 
f  ihe  dnx  cut  irui-t  he  inereased.  Aecoi'dingly.  the  anuature  and 
^"Wieof  the  d:ii?et- connected  generator  must  lie  larger,  thus  mak- 
'"tiit  a  man*  ttxpcnslve  machine  than  ihe  belt-driven. 

Hitf  dirK*t  conjiection  of  an  engine  and  generator  is  accom* 
piduid  in  several  ways;  the  simplest  uf  uhicli  coneiots  in  mount- 
"ig  llie  armature  of  the  generutur  directly  on  one  end  of  the  shaft 
tf  tile  Migine.     Tliie  may  be  accompUahed  in  any  one  of  several  J 
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iv!iys.  l-i<j.  ;{  npicticiilH  tlm  tliive-iH;arinjr  method.  Two-Jind- 
foiii'-liwiriuij  iiH'tlicKls  arc  also  lined.  These  sefures  tlie  ffrcat 
adviiiita^'s:  lliiit  aci'iirale  iiliffiinu'iit  la  readily  obtaine<l.  and  s\KUif 
ticcupiiHl  rctliiivd  to  ;i  iiiiiiiinum,  and  theniouiitiiifrof  the  bearings 
uii  a  eoiiiinou  giib-buse  avuiils  trouble  due  to  unequal  settling. 

Aiiollier  forru  of  diret-t  euupling  is  tliat  in  which  an  engiuo 
and  a  generator,  each  ooiujilete  in  itself,  and  each  having  two  bear- 
ings, am  eou|)led  toj^etlier  iiy  some  mechanical  device,  whieli  may 
be  eitlier  rigid  or  niigiitly  elastic  or  adjustable.  In  the  formerease 
the  two  shafts  are  praeticallj 
equivalent  to  a  singli*  one, 
wliidi,  while  making  it  easy  to 
remove  either  maebine  for  re- 
jKiii's,  is  somewhat  objection- 
able owing  to  the  fact  that  it 
requii-es  larger  foundations, 
and  iutrodnoea  the  difficulty  of 
accurately  aligning  four  bear- 
ings. The  use  of  a  flexible 
coujiling  avoids  the  iieeessity 
i)f  jicrfect  alignment,  and  also 
tlie  sei-ious  trouble  that  might 
arisf  if  tlie  settling  or  the  wear 
of  the  beariiigrt  t-hould  1k'  un- 
even. TluMV  aiv  various  forms  of  flexible  c"U).Hiig.  One  of  the 
forn.s  ji.!LJuifaclmvd   by  the    —  " 

sbown   in   I-'ig.  4.   ihe  llexil>i 
M-hieli  hold  tbelwo  pirls  <)f  tli 

ried  out  wirJiout  drpai'ting  fn 
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■.-d  of  a  g.-iicra1nr  of  the  ecrrespojiding  ca])aeity, 
ilativc  (■lli<-i,.|icy  uf  direct  e()U|,]ir.g  aTid  l>elting  (K'lH'nds 
greatly  ujjon  tlieci.nilitii)ii;-;biit  in  general  the  former  is  more  etlie- 
ient  at  <)r  mar  rated  load,  an.!  the  latter  at  light  loads.  T/,e  tti'm- 
j>/''r!fi/,  i-iiii4j»flii.««^  .III. I  ji"xif/'t'.  .iiiil  ii'iix'-li-'ts  ai-tinn.  of  tJirevt 
C'inii<:-t':iii  liavc  cauf^ed  it  io  lieeome  the  most  approved  method. 
Belting.     If  tin'  gfiuTator  or  motor  is  not  directly  connected, 
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t)  tile  prime  mover  and  the  other  to  the  apparatus  to  be  driven, 
lire  usually  connected  by  some  form  of  belting.  The  kind  of 
ujr  selected  depends  greatly  U{>on  conditions  of  drive,  distances, 
;  and  it  may  be  leather,  rawhide,  rubber,  or  rope.  For  ordin- 
?hort  drives,  leather  is  the  most  desirable,  though,  when  the 
^ertobe  transmitted  is  small,  rawhide  belts  are  also  satisfactory, 
lecially  as  the  cost  is  less  than  for  leather  belts.  For  consider, 
e  distances,  rope  driving  answers  very  well  because  it  is  so  much 
liter  and  cheaper  than  an  equivalent  leather  1)elt,  though  grooved 
lleys  are  required,  making  the  total  cost  about  the  same.  Ilub- 
t  belts  are  used  to  advantage  in  driving  generators  from  water 
rbines,  where  the  belt  might  be  exposed  to  moisture.  Ix^ather 
Iting  is  usually  the  most  reliable  and  satisfactory  for  general  ap- 
ication,  except  for  very  short  drives,  where  a  form  of  chain  belt 
)rk8  best.  There  are  three  thicknesses  of  leather  belting — si ngle, 
;bt-4ouble,  and  double.  For  use  in  connection  with  generators, 
)tors,  or  other  high-speed  machinery,  the  "light-double"  lx»lting 
Qsnally  the  best. 

The  exact  amount  of  power  that  a  given  belt  is  capable  of 
msmitting  is  not  very  definite.  The  ordinary  rule  is  that  "  sin- 
?''  belt  will  transmit  1  horse-power  for  each  inch  of  its  width 
len  traveling  at  a  speed  of  1,000  feet  per  minute.  If  the  speed 
greater  or  less,  the  power  is  proportionately  increased  or  de- 
based. The  statement  of  II.  P.  transmitted  is  based  upon  the 
ndition  that  the  belt  is  in  contact  with  the  transmitting  pulley 
>uiid  one-half  of  its  circumference,  or  180\  which  is  usually  the 
H?.  If  the  arc  of  contact  is  less  than  ISO"",  the  ])()wer  transmitted 
Ies8  in  the  following  proportion:  An  arc  of  I'-lo  gives  ^t  ])er 
it,  while  90^  contact  giv^es  only  0^  j);'r  cent  of  tln^  power  de- 
hI  from  a  belt  contact  of  180"^.  If  on  the  otluM-  liaiul,  the  u[)|)(M' 
eeaas  downward,  which  is  always  desiral)le,  th(»  belt  is  in  coii- 
twith  more  than  half  the  circumference  of  the  pulley;  aiidtlius 
grip  is  considerably  increased  and  more  j)()wt*r  can  be  traiis- 
ttd.  These  facts  make  it  verv  desirable  to  have  the  /f/n.s,'  s'nh 
'//*  Ult  on  top.  If  the  loose  side  is  below,  it  sags  away  from 
jmlley  and  is  also  likely  to  strike  the  iloor. 

The  complete  expression  for  detenu iiiing  the  width  of  a  sin- 
belt  required  to  transmit  a  given  horse-power  is  as  follows: 
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^      H.  P.  X  1,000 
^=        SXO       ' 

where  W  is  the  width  of  the  belt  in  inches;  H.  P.  the  horse-power 
to  he  transmitted;  S  the  speed  of  the  belt  in  feet  per  minute,  which 
is  equal  to  the  circumference  of  the  driving  pulley  in  feet  multi- 
plied  by  the  number  of  revolutions  per  minute;*  and  C  a  factor 
dependent  upon  the  arc  of  contact. 

"Double"  belting  is  expected  to  transmit  one  and  one-half 
(1  ^),  and  "  light-double  "  one  and  one-quarter  (1  J)  times  as  much 
power  as  "  single  "  belting  of  the  same  width.  Belting  formulas 
are  only  approximate,  and  should  not  be  applied  too  rigidly,  since 
the  grip  of  the  belt  upon  the  pulley  varies  considerably  under  dif- 
ferent conditions  of  tension,  temperature  and  moisture.  The  smooth 
side  of  a  belt  should  always  be  run  against  the  pulley,  as  it  trans- 
mits more  power  and  is  more  durable.     Belting  used  for  electric 

machinery,  being  usually 
high-speed,  should  be  made 
"endless"  for  permanent 
work,  as  this  makes  less  noise; 
but  it  may  be  useil  with  laced 
joints,  temporarily.  A  spliced 
or  "  endless "  joint  is  made 
as  follows: — Both  ends  of  the 
belt  are  })ared  down  on  one 
side  (opposite)  with  a  sharp  knife,  into  the  form  of  a  loner  thin 
wedcje,  so  tliat  when  laid  tocretlier  a  lontr  uniform  joint  is  obtained 
of  tlie  ,sv////tJ  t/ilcl'/ir-ss'  (fS'  the  In  It  itself.  The  parts  are  then  firmly 
ioined  with  cement  and  sometimes  with  rivets  also.  It  may  be 
necessary  to  splice  or  lace  a  belt  while  in  position  on  the  pulleys; 
and  for  this  ])urposo  some  form  of  belt  clamp  (Fig.  5}  should  be 
employed. 

If  a  belt  is  ordered  endless,  or  is  spliced  away  from  the  pulleys, 
great  care  should  be  exercised  in  determining  the  exact  length  re- 
(juired.  A  string  that  will  not  stretch,  or  preferably  a  wire  put 
around  the  pulleys  in  the  position  to  be  occupied  by  the  belt,  is  the 

*  NoTF*  Belts  slip  or  '* creep"  on  the  pulley  about  2  per  cent;  hence, 
in  (leterniininj^  the  size  of  jnilleys  whose  speed  must  be  accurate,  the  calculated 
belt  speed  should  be  about  2  per  cent  too  high. 


Fig.  5. 


^^\ 
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best  way  to  avoid  a  mistake.  In  measuring  for  a  belt,  the  gener- 
ator or  motor  should  be  moved  on  its  sliding  base  so  as  to  make 
the  distance  between  shaft  centers  a  minimum,  in  order  to  allow 
for  the  stretch  of  the  belt,  which  may  be  as  much  as  ^  inch  per 
foot  of  length. 

The  lacing  of  a  helt  is  a  very  simple  and  common  method  of 
making  a  joint;  but  should  not  be  permanently  employed  at  high 
speeds  for  electric  machinery  belting,  as  it  is  liable  to  pound  on 
the  pulleys,  producing  noise,  vibration  and  sparking;  and  in  the 
case  of  generators  it  is  also  likely  to  cause  flickering  in  the  lamps. 
In  lacing  belts,  the  ends  should  be  QMt  peifectly  squarey  and  there 
should  he  as  many  stitches  of  the  lace  slanting  to  the  left  as 
there  are  to  the  right;  otherwise  the  ends  of  the  belt  will  shift 
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sidewise  owing  to  the  unequal  strain,  and  the  projecting  corners 
may  strike  or  catch  in  the  clothing  of  persons.  A  good  way  to 
accomplish  this  is  shown  in  Fig.  6.  The  various  holes  shouia  be 
made  with  a  circular  punch,  the  nearest  one  being  about  \  inch 
from  the  side,  and  the  line  through  the  center  of  the  row  of  holes 
about  1  inch  from  the  end  of  the  belt.  In  large  belts  these  dis- 
tances should  be  a  little  greater.  A  regular  belt  lacing  of  strong 
pliable  leather  or  a  special  wire  is  used.  The  lacing  is  doubled  to 
find  its  middle;  aud  the  two  ends  are  passed  through  the  two  holes 
marked  "  1 "  and  "  ir/,"  precisely  as  in  lacing  a  shoe.  The  two  ends 
are  then  passed  successively  through  the  two  series  of  holes,  in  the 
order  in  which  they  are  numbered,  2,  5,  ^,  etc.,  and  2<z,  3«,  4a^ 
etc.,  finishing  at  13  and  ISa^  which  are  additional  holes  for  secur- 
ing the  ends  of  the  lace.  The  great  advantage  of  this  method  of 
lacing  is  that  the  lace  lies  on  the  pulley  side  perfectly  parallel  to 
the  direction  of  motion. 


865 
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Perforated  belts  are  often  employed  for  the  reason  that  a  film 
of  air  is  likely  to  be  imprisoned  between  the  belt  and  the  pull«^y, 
thus  preventing  a  good  grip.  Hence  small  perforations  are  some- 
times made  in  the  belt,  especially  for  high-speed  operation  (3,000- 
5,000  feet  per  minute),  to  allow  the  air  to  escape;  and  since  these 
are  in  the  form  of  narrow  slits,  with  their  greatest  dimension  in 
the  direction  of  motion,  they  do  not  materially  reduce  the  strength 
of  the  belt. 

An^angement  and  Care  of  Beltimj.  It  is  very  desirable, 
for  satisfactory  running,  that  belts  should  be  reasonably  long  and 
nearly  horizontal.  The  distance  between  the  centers  of  two  belt- 
connected  pulleys  should  be  not  less  than  3  times  the  diameter  of 
the  larger  pulley.  The  belt  should  be  just  tight  enough  to  avoid 
slipping,  without  straining  the  shaft  or  bearings.  The  two  shafts 
which  are  to  be  belt-connected  must  be  perfectly  parallel,  and  the 
centers  of  the  face  of  the  driving  and  driven  pulleys  must  be  ex- 
actly opposite  to  each  other,  in  a  straight  line  perpendicular  to  the 
axis  of  the  shafts.  The  machines  should  then  be  turned  over 
slowly  with  the  belt  on,  to  see  if  the  latter  tends  to  run  to  one  side 
of  the  pulley,  which  would  show  that  it  is  not  yet  properly  "lined 
up,"  in  which  case  one  or  both  machines  should  be  slightly  shifted, 
until  the  belt  runs  properly.  If  possible,  the  machine  and  belt 
should  be  set  and  adjusted  so  as  to  cause  the  armature  to  move 
back  and  forth  in  the  bearincjs  while  runninor  on  account  of  the 
side  motion  of  the  belt,  and  thus  make  the  commutator  wear  more 
smoothly,  and  distribute  the  oil  in  the  bearin^rs. 

It  is  always  desirable  to  have  belts  as  pliable  as  possible; 
hence  the  occasional  use  of  a  good  beltdressincr — as  neatsfoot  oil, 
etc. — is  recommended.  Kosin  and  other  sticky  substances  are 
sometimes  applied  to  increase  the  adhesion;  but  this  is  a  practice 
allowable  only- in  an  emergency,  as  it  may  destroy  the  belt  surface. 

In  places  where  the  belting  is  very  much  exposed,  and  liable 
to  catch  in  the  clothing  of  any  person,  it  is  advisable  to  surround 
it  by  a  railing  or  box. 

Rope  Driving  possesses  advantages  over  ordinary  belting  in 
some  cases.  The  rope  runs  in  V-shaped  grooves  in  the  [)eriplieries 
of  the  pulleys,  and  thereby  obtains  a  great  grip  by  a  sort  of  wedg- 
ing action.     The  kinds  of  rope  ordinarily  employed  for  this  pur- 
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pose  are  cotton,  hemp,  rawhide  and  wire.     The  general  advantages 
are: 

1.  Economy  in  cost. 

2.  Large  amount  of  power  that  can  be  transmitted  with  a 
given  diameter  and  width  of  pulley,  on  account  of  the  grip  ob- 
tained. 

3.  It  is  almost  noiseless. 

4.  Ropes,  on  account  of  their  lightness,  can  be  used  to  trans- 
mit power  over  greater  distances  than  are  possible  with  any  other 
form  of  belting;  and  also  for  very  short  distances  on  account  of  the 
wedging  action.  Manila  rope  is  generally  used  in  the  United  States, 
being  of  three  strands,  haw^ser  laid,  and  may  be  from  i  inch  to  2 
inches  in  diameter.  The  breaking  strength  varies  from  7,000  to 
12,000  pounds  per  square  inch  of  cross-section.  It  has  been  found 
that  the  best  results  are  obtained  when  the  tension  in  the  driving 
side  of  the  rope  is  only  3  to  4  per  cent  of  the  breaking  strength. 

The  diameter  of  a  single  rope  necessary  to  transmit  a  required 
H.  P.  is  given  by  the  formula: 

j^,_       825  H.  P. 

in  which  H.  P.  =  horse-power  transmitted; 

V  =  velocity  of  rope  in  feet  per  second; 
D  =  diameter  of  rope  in  inches. 

The  maximum  power  is  obtained  at  a  speed  of  about  84  feet 
per  second.  With  higher  speeds  the  centrifugal  force  becomes  so 
great  that  the  power  transmitted  decreases  rapidly,  and  at  about 
142  feet  per  second  it  counteracts  the  whole  allowable  tension 
(200  ly  pounds)  and  no  power  is  transmitted. 

Arrangement  of  liojye  Belting.  There  are  two  methods  of 
arranging  rope  transmission:  one  consists  in  using  several  separate 
belts;  and  the  other  employs  a  single  endless  rope  which  passes 
spirally  around  the  pulley  several  times  and  is  brought  back  to 
the  first  groove  by  a  slanting  idle  pulley,  and  therefore  is  called 
the  "wound"  system.  The  separate  ropes  do  not  require  the 
carrying-over  pulley,  and  if  one  rope  breaks,  those  remaining  are 
sufficient  to  transmit  the  power  temporarily;  whereas  an  accident 
with  the  single-rope  system  entirely  interrupts  the  service.     In 
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the  "multi-rope"  system  it  is  practically  impossible  to  make  and 
maintain  the  belts  of  exactly  equal  length,  hence  the  tensions  on 
the  various  ropes  differ,  and  they  hang  at  different  heights  on  the 
slack  side,  producing  an  awkward  appearance. 

Toothed  Qearins:  possesses  the  decided  advantages  of  positive 
action  and  the  ability  to  give  large  ratios  of  speed  and  small  side 
pressure  on  the  bearings.  Nevertheless  it  is  seldom  employed  for 
driving  generators.  As  the  most  extensive  applications  of  gearing 
for  electrical  purposes  are  in  connection  with  railway  motors,  it 
will  be  taken  up  under  that  heading. 

SHAFTINQ. 

An  intermediate  or  counter  shaft  is  not  desirable  since  it  in- 
creases the  complication  and  frictional  losses  of  the  systc^ii;  but  it 
is  often  necessary  in  the  generation  or-application  of  electric  jK)wer, 
either  to  obtain  a  greater  multiplication  of  speed  than  is  possible 
by  belting  directly,  or  to  enable  a  single  engine  or  motor  to  drive 
a  greater  number  of  machines. 

The  two  important  kinds  of  shaftings  are  "cold-rolled"  and 
"  turned."  The  former  is  rolled  to  the  exact  size  and  requires  no 
further  treatment.  It  has  the  advantage  of  a  smooth,  hard  surface, 
but  it  is  difficult  to  make  perfectly  true  and  straight.  Turned- 
steel  shafting  is  most  commonly  employed,  and  has  the  advantage 
that  shoulders,  journals,  or  other  variations  in  size  can  be  easily 
made  on  it.  The  following  table  gives  the  ordinary  data  for 
shafting: 

TABLE  I. 


Shafting. 

Piamctor  in 
inches. 

Woiffht 
lbs.  i)er  ft. 

Allowublo 
11.  P.  trans- 

inittodnt 
100  r.  p.  m. 

WicJth  «»f 

\ioy  >t'iii  ill 

iiiohos. 

1.-'. 

5.5 

4.3 

H 

11^ 

10. 

10. 

4 

2^ 

15.8 

20. 

1 

23. 

34. 

1 

3 1  (I 

31.5 

54. 

.7 

ql   ?> 

41. 

80. 

1 

4| 

62.8 

156. 

1 

5  J 

91.1 

270. 

1 

^^% 
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Vith  s|>eed8  greater  than  100  r.  p.  m.,  the  allowable  H.  P.  varies 
directly  in  proportion  to  the  speed  employed. 

ASSEMBLING  OF  THE  MACHINE. 

In  unpacking  and  putting  the  machine  together,  great  care 
Bhould  be  used  to  avoid  the  least  injury  to  any  part,  to  clean  scru- 
pulously each  part,  and  to  put  the  parts  together  in  exactly  the 
right  way.  This  care  is  particularly  important  with  regard  to  the 
shaft,  bearings,  magnetic  joints,  and  electrical  connections,  from 


V 


o 


V 


T^;  /  ^  t^ 


c 


D 


Fig.  7. 

which  every  particle  of  grit,  dust,  metal  chips,  waste,  etc.,  should 

^removed.     It  is  advisable  to  study  carefully  the  blue  prints  or 

^struction  matter  usually  sent  with  each  machine,  before  attenipt- 

"^g  to  put  it  together.     The  armature  must  be  handled  with  great 

^^  in  order  not  to  injure  the  wires  and  their  insulation  as  well  as 

t"^ commutator  and  shaft.     The  armature  should  be  handled  as  far 

^  possible  by  the  shaft,  and  when  it  must  be  placed  on  the  ground 

*  P^  of  cloth  or  layer  of  boards  should  be  interposed.     A  con- 

^^Dient  form  of  sling  for  handling  armatures  with  their  shafts  in 

P^ition  is  shown  in  Fig.  7.     The  bearings  should  be  carefully 

^^^ned,  set  in  exactly  the  right  positions,  and  firmly  secured.    The 

top8  should  be  left  loose  for  a  short  time,  so  that  the  tendency  to 

^i  up  at  the  first  run  may  be  decreased;   and  after  that  they 
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should  be  drawn  up  tight.  The  field  frame  should  be  set  so  that 
the  air  gap  is  the  same  for  all  pole  pieces,  as  otherwise  the  ma- 
chine will  be  magnetically  unbalanced  and  tend  to  spark  badly. 
The  adjustment  of  the  brushes,  etc.,  should  preferably  be 
left  until  the  machine  is  electrically  connected  and  ready  to  receive 
its  trial  run. 

METHODS  OF  WIRING. 

Before  laying  the  wires,  the  circuits  should  be  carefully  mapped 
out  and  the  work  so  planned  as  to  secure  the  simplest  arrangement. 
Tlie  wiring  should  then  bo  installed  neatly  and  in  accordance 
with  the  rules  of  the  National  Board  of  Fire  Underwriters  and  of 
the  local  department  having  supervision.  Otherwise  unnecessary 
trouble,  delay  and  expense  may  be  incm*red. 

The  wire  may  be  installed  in  one  of  two  general  methods,  vh  : 

,  Cleats. 

Exposed  on    ]   Knobs. 

(  Bushings. 
/   Wootlcn  moulding. 
Concealed  in  \  Iron  conduit. 

'  Terra  cotta  conduit. 

The  wire  should  preferably  be  either  rubber-covered  or  made 
up  in  the  form  of  load  cables.  Exposed  wires  possess  the  advan- 
tages of  clieapnesis,  as  well  as  accessibility  for  inspection  and  repair; 
and  any  short  circuit  or  ground  is  readily  seen  and  removtHl, 
whereas  it  might  cause  great  uncertainty  and  delay  w^hen  the  wires 
are  concealed. 

Concealed  conductors,  especially  where  they  are  placed  under 
the  Hoor,  have  the  great  advantage  over  exposed  wiring,  in  that 
they  are  entirely  out  of  the  way.  This  is  esj)ecially  imj)ortant  in 
lartre  installations,  where  overhead  travelincj  cranes  are  almost  a 
necessity. 

"When  alternatinc-current  conductors  are  enclosed  in  iron  con- 
duits,l)oth  wires  of  each  j)hase,  or  all  the  wires,  must  be  run  in  the 
same  duet,  otherwise  the  inductance  would  be  excessive. 

All  conductors,  including  those  connecting  the  machine  with 
the  switchboard,  as  well  as  the  bus  bars  on  the  latter,  should  be  of 
ample  size  to  be  free  from  overheating  and  excessive  loss  of  volt- 
atire.  The  drop  between  the  generator  and  switchboard  should  not 
exceed  ^  j)er  cent  at  full  load,  because  it  interferes  with  proper 
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lation  and  adds  to  the  less  easily  avoided  drop  on  the  distribu- 

system. 

• 

The  safe  carrying  capacities  of  copper  conductors  as  recom- 

ied  by  the  Board  of  Fire  Underwriters,  are  given  in  the  fol- 

ig  table: 

TABLE  II. 

Safe  Carrying;  Capacities  of  Copper  Wires. 

Rubber  Other 

Insulation.  Insulations. 

B.  Sc  S.  G.  Amperes.  Amperes.  Circular  Mils. 

18 3 5 1,624 

16 6 8  : 2,583 

14 12 16 4,107 

12 17 23 6,530 

10 24 32 10,380 

8 33 46 16,510 

6 46 65 26,250 

5 54 77 33,100 

4 65 92 41,740 

3 76 110 52,630 

2 90 131 66,370 

1 107 156 83,690 

0 127 185 105,500 

00 150 220 ias,ioo 

000 177 262 167,800 

0000 210 312 211,600 

Circular  Mils. 

200,000 200 300 

300,000 270 400 

400,000 330 500 

500,000 390 590 

600,000 450 680 

700,000 500 760 

800,000 550 840 

900,000 600 920 

1,000,000 650 1,000 

1,100,000 690 1,080 

14200,000 73a 1,150 

1,300,000 770 1,220 

1,400,000 810 1,290 

1,500,000 850 1,360 

1,600,000 890 1,430 

1,700,000 930 1,490 

1,800,000 970 1.550 

1,900,000 1,010 1,610 

2,000,000 1,050 1,670 

The  lower  limit  is  specified  for  rubber-covered  wires  to  prevent  gradual 
oration  of  the  high  in8ulations  by  the  heat  of  the  wires,  but  not  from 
f  igniting  the  insulation.    The  (juestion  of  drop  is  not  taken  into  con 
ition  in  the  above  tables. 

The  carrying  capacity  of  Nos.  Ki  and  18,  B  &  S.  gage  wire  is  given,  but 
aller  than  No.  14  is  to  be  used. 


S71 


18    MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY 


The  safe  carrying  capacity  of  insulated  aluminum  wire  is  84 
per  cent  of  that  given  for  copper  wires  of  corresponding  size  and 
insulation. 

Switches  are  devices  for  closing  and  opening  the  various  cir- 
cuits or  branches  of  an  electrical  distribution  system.  A  knife 
switch  should  always  be  employed  when  the  capacity  of  the  circuit 
to  be  controlled  exceeds  10  amperes.  It  may  be  single-,  double-,  or 
triple-pole;  single-  or  double-throw;  and  with  or  without  fuses  as 
desired.  If  the  rated  capacity  of  a  switch  exceeds  25  amperes,  its 
terminals  must  be  provided  with  lugs  into  which  the  ends  of  the 
conducting  wires  should  be  soldered.  The  principal  parts  of  a 
knife  switch  (Fig.  8)  are  the  ba8e(a)y  which  must  consist  of  a  non- 
combustible,  non-absorptive  insulating  material;  the  huiges  (i), 
which  carry  the  blades  {c)\  the  con  tact  ^;a?/J5  or  clips  (^/);  the  insu- 
lating crosfi'har  {e)\  and  the  haiulle   {/),      The  hinges,  blades 

and  jaws  should  ])e  made  of 
pure  copper,  of  sufficient  cross- 
section  to  insure  mechanical 
stiffness  and  proper  carrying 
capacity,  and  their  contact  sur- 
faces must  not  be  less  than  1 
square  inch  per  75  amperes  of 
the  rating.  The  hinges  and 
contact  jaws  must  be  springy 
enough  to  insure  good  contact 
with  the  blades.  The  blades 
and  jaws  must  be  so  shajuxl 
that  they  open  along  their  entire  length  simultaneously;  other- 
wise the  arc  which  is  formed  U|)on  opening  a  loaded  circuit,  will 
burn  off  the  last  joints  of  contact.  In  fact  this  arc,  when  pro- 
duced by  a  heavy  current,  is  very  difficult  to  control;  and  switches 
should  never  be  opened  on  heavily -loaded  circuits  exce})t  in  an 
emergency.  In  practice,  however,  some  form  of  electro-magnetic 
circuit-breaker  is  employed  for  the  purpose,  and  may  be  operated 
automatically  with  overload,  or  by  hand  at  any  time. 

Knife  switches  should  be  so  placed  that  (jrnvUy  trnda  to  ojyn 
rather  than  to  close  tlieni.  They  should  always  be  located  in  dry, 
accessible  places  and  grouped  as  far  as  possible      If  located  in  ex- 
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posed  positions  they  should  be  enclosed  in  slate  or  equivalently 
lined  cabinets.    The  distances  between  the  parts  of  opposite  polar- 
ity, in  an  approved  knife  switch,  must  never  be  less  than  the  values 
given  in  the  following  table: 

TABLE  111. 

Switch  Data. 

,^  Minimum  Separation  of  Minimum 

!<»  ?OLTS  OB  LESS  :  Nearest  Metal  Parts  of  Break- 

Opposite  Polarity.  Distance. 

^or  Switchboards  and  Panel  Boards— 

10     amperes  or  less |  inch     J  inch. 

11-25       "  1      " I     " 

26-50       "  \\    "        1        " 

^^ Individual  SwitcJies — 

JO  amperes  or  less 1    inch  |  inch. 

11-     35        "         li    "  1        ** 

,36-   100        "         ll    "  U 

101-  300        "         2i    "  2 

301-600        "         21    "  21 

601-1,000        **         3      "  2 

126  TO  250  VOLTS  : 

^^  dll  Switches— 

;0  amperes  or  less 1 J  inch     li  inch. 

ii-      35        "         1 

,f-    100        "         2 

iS~    300        "         2 

*1^   600        "  2 

^HOOO        "         '.*.*.*.*.*.*.*.'.'.'.*.. ...3^    **        2| 

^n  switchboards,  the  above  spacings  for  250  volts  direct  cur- 

^^^  ftre  also  approved  for  440  volts  alternating  current.     Switches 

^'^switchboards  with  these  spacings  intended  for  use  on  alternat- 

^'^g-C'urrent  systems  with  voltages  above  250,   must  be    stamped 

^^^  the  voltage  for  which  they  are  designed,  followed  by  the  let- 

^\;^  600  VOLTS : 
^'^r  all  Stmtches— 

• 

lO        amperes  or  less 3J  inch     3    inch. 

11-35        "        4      "        3.}      " 

36-100        "        ^    "        4 

Auxiliary  breaks    or   the  equivalent   are    recommended    for 

'^^tches  designed  for  over  300  volts  and  less  than   100  amperes, 

^M  will  be   required  on  switches  designed  for  use  in  hreakimj 

^^^raits  greater  than  100  amperes  at  a  pressure  of  more  than 

^  volts. 
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For  thrwf-wire  syateme  swilclit^s,  iuiibI  have  tliP  break-tiisaoe* 
nxitiirttj  for  cirtMiitB  of  llm  jMjtuntial  of  thtf  OHtsMe  wires. 

Safety  Fuses  and  Cut-outs-  Almoet  all  uleclricnl  cireuils, 
csivnt  those  for  constant -current  arc  ligbting,  are  jiroleclwl  Nu 
abnormal  iin!re«e«  of  CHrrent  by  eafety  fuBt-s.  Tbiwi'  wnsi"!  m 
wiffs  or  8tn[«  of  metal  introJu<Mj(l  into  the  circuit,  and  90 dcsit;iiiii 
in  croBH-saflion  and  ri'sistancB  that  they  will  tnt-lt  and  (j|«i>  "i^" 
circuit  ill  case  of  excesBivo  curroiit,  bofoiv  tlio  rest  of  tlw  (?»'''''' 
becompii  unduly  ht^ted. 

TUt»  reijuirementa  for  offwrtive  Bafety  fuses  niiiylio  sum?""' 
follows: 

1.    Thcj'  hIiouIiI  m«1t  nt  a  dgSoito  cummt. 

2.  Tboy  shoiUd  not  chanjra  in  this  respect  by  tho  uffoot  o(  Uwt.  "^^ 
lieatiuK  wr  iither  action  at  the  current,  nor,  in  fact,  uinlor  hhj  tittoaO* 
cnnditious. 

3.  Tlicv  aliould  net  promptly. 

4.  They  sLoul>l  g'no  firm  and  Insling  contucts  Willi  tbv  l<Tmiii»i** 
wlliuh  Ihey  are  attached. 

These  fuses  are  of  two  general  types: 
(a)     Open  or  titik  fufca. 

Eui-lusnl  or  rartridge  fiuaes.  , 


TIlo  c[>en  or  link  fnsi-'a  (Fig.  9^  consist  of  slri[«  of  fa? 


§>=€) 


1 


ulkiV  |il"vi,|. 
when  lln-  cu 


■„|,| 


Is.      EiK'li   sizo   i«  ,l,.si,.|i,J 


ciiriviit,  hut  will  melt  aii<l 


nrds  tliat  ratiii;;  hy  23  [kt  i-i-iil.  When  a  h»  "^ 
fiiM'  ••  lihiws  ■'  ;is  a  rcsnh  of  (•vi-rkia'Un^t.  tin-  rupture  is  aeeoui}iaiii.'.'  ' 
hv  a  Ihish.  iiu.l  liv  s|,alleriuK  of  (lie  fuse.l   iiuiterial.      Villi  laiv'  ' 

eunviils  Ihis  ]ihe'iiiniieii,iu  is  a  s re  iif  Jaiiger,  anil  the  useureii' 

el.«.||    fuses   is   aeeiiniiliely   1V( lllleiuled   whenever   the  ratiui;  e* 

Kiieliised  fuses  I  Fie.  Ill)  have  a  easine  aroiiml  the  fiisihle  iiri. 
terial,  wliiel,  |irevei,is  ilie  (liin^-eniiis  s|iallerin}.  anil  vvhieli  alse 
siniilliers  the  are  iliat  tends  to  hinn  whenever  a  fuse  hluws. 

Fus,-s  sheulil    alwavs  he  eln|iliive,l    when    tlie   size  iif   tile  wile 
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the  conductors  are  made.  They  niiist  be  mounted  on  slate,  marble, 
oi  porcelain  basee;  and  all  metallic  littings  employed  in  making 
electrical  contacts  must  have  sutlicient  cross -sect  Ion  to  insure  me- 
chanical stiffness  and  carrying  capacity. 

Electivmagnetlc  Circuit- Breakers  or  Limit  Switches  are  fre- 
quently uaod  in  place  of  fuses  to  protect  electrical  circuits.     Their 


Fig.  11. 

general  construction  and  application  art!  iudicatitl  in  Fig,  11.  TIm* 
CQrreiit  is  led  through  a  helix  A  the  electro-ina^nt-tic  action  of 
which,  when  the  current  rcaclu-B  apredcterniined  limit,  automatic- 
ally releases  the  blades  from  contact  with  the  jnwn  and  tiuis  iijiens 
the  circuit.  The  final  break  occurs  at  carbon  tips,  thus  preventing 
destnictive  arcing  at  the  copper  contacts,  ('ircn  it-breakers  possess 
the  following  advantages  over  fuses: 

1.  Tbej  can  be  employed  an  itwItoheHjf  ileHlrei). 

2.  Tbey  can  easily  be  r«Het  anil  tlius  put  Into  (-oiiililioii  for  mating 
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3.  Their  range  can  be  easily  varied  within  considerable  limits. 

4.  They  can  also  be  made  to  operate  *'tell  tales"  whenever  the  circuit 
they  control  is  opened. 

On  account  of  these  general  advantages,  their  use  is  advisable 
on  switchboards  of  systems  that  are  liable  to  frequent  overloads. 
The  circuits,  however,  should,  as  a  rule,  be  provided  also  with 
fuses,  since  it  is  possible  that  the  circuit-breaker  may  fail  to  open, 
owing  to  corrosion  or  other  cause. 

Startinsr-Boxes  should  always  be  furnished  with  D.  C.  motors, 
for  the  following  reason:  If  the  line  voltage  should  be  applied 
directly  to  the  terminals  of  the  armature  while  it  is  standing  still, 
a  very  excessive  current  would  flow,  since  the  resistance  is  low  and 
no  C.  E.  M.  F.  exists.  Hence,  to  prevent  injury  to  the  winding,  a 
resistance  is  inserted  between  one  supply  terminal  and  the  arma- 
ture in  order  to  reduce  the  electromotive  force  at  the  motor  terminals 
while  it  is  speeding  up,  the  resistance  being  gradually  reduced 
until  completely  removed  when  rated  speed  is  reached.  All  motor 
starting-boxes  must  also  be  provided  with  a  no-volta£^e  release. 
This  consists  of  an  electro-magnet  in  series  with  the  shunt-field 
circuit,  which  holds  the  rheostat  arm  in  the  operating  position  as 
long  as  current  flows  through  the  shunt  field  from  the  line.  If 
the  lino  switch  be  opened  or  the  shunt-field  circuit  aocidentally 
broken,  the  device  becomes  demagnetized  and  releases  the  arm, 
which  returns  to  its  starting  position  (all  resistance  in  circuit)  by 
the  action  of  a  spring  or  of  gravity.  The  starting-boxes  of  larger 
motors  are  also  frecjuently  e(juippe(l  with  overload  releases.  Thes«\ 
practically,  are  electro-magn^'tic  circuit-breakers  whicJi  open  the 
supply  lines  if  the  motor  becomes  greatly  overloaded.  The  gtMieral 
arrantjement  of  switches,  cut-outs  and  startincr.boxes  should  be  in 
accordance  with  the  followinjx  extract  from  the  Kules  of  the 
National  Board  of  Fire  liiderwriters: 

**Ejieh  motor  and  st{irtinjj-l)ox  must  bo  protectotl  by  a  iMit-out  an<l 
controlled  by  a  switch,  said  switcli  ])laiiily  indicating  whotlier  *on'  or  ^ofT. ' 
The  switch  and  rlieostat  must  be  located  within  sight  of  the  motor,  except  in 
cases  where  special  permission  to  locate  them  elsewhere  is  given,  in  writing, 
by  the  Inspection  Department  having  Jurisdiction. 

*' Where  the  circuit-breaking  device  on  the  motor-starting  rheostat  dis- 
connects all  wires  of  the  circuit,  this  switch  may  be  omitted. 

*  K)vcrload-releasc  devices  on  motor-starting  rheostats  will  not  be  con- 
sidered to  take  the  place  of  the  cut-out  required  if  they  are  inoperative  during 
the  starting  of  the  motor. 
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**The  switch  is  necessary  for  entirely  disconnecting  the  motor  when 
not  in  use;  and  the  cut-out,  to  protect  the  motor  from  excessive  currents  due  to 
accidents  or  careless  handling  when  starting.  An  automatic  circuit-breaker 
disconnecting  all  wires  of  the  circuit,  may,  however,  serve  as  both  switch  and 
cut-out/' 

The  Various  Kinds  of  Circuit  on  which  motors  and  gener- 
ators are  commonly  used,  and  the  best  type  of  machine  in  each 
case,  are  as  follows  : 

TABLE  IV, 

Types  of  flachlne  for  Various  Kinds  of  Circuits. 

DIRECT-CURRENT,  CONSTANT-POTENTIAL. 

Circuits  on  trhich  potential  or  voHaqe  is  kept  constant;  machines^  lamps,  etc., 

being  run  in  parallel. 


Curronts 
iiitoudcd  for — 


Electro-metal 
lurgy. 

Incandescent 
lighting. 


Electric  railway 
Electric  power. 


Potential. 


1  to  150  volts 

110  to  125  volts 

(2- wire  sjs.) 
220  to  250  volts 
(2-or3-wiresys.) 


500to660v 


'olts    i 


Generator 
shonid  be — 


Shunt- wound. 


Shunt-  or 

compound - 

wound. 


Compound 
wound. 


Motor  should  be — 


Not  used. 

Shunt-wound  for 

constant  speed. 

Sometimes  series-  or 

compound-wound 

for  variable  speed. 

Series-wound  for 

railway. 

Shunt-wound  for 

stationary. 


DIRECrr,  CONSTANT-CURRENT. 

Circuits  on  which  current  or  amperes  arc  kept  constant;  machines^  Itnnps,  etc.^ 

being  run  i7i  scries. 


Circuits 
intended  fi>r - 

Current  in  Ami>eres. 

(jenorator 
should  be  - 

Motor. 

Arc  lighting. 

6.8  or  9.6 

Series-wound 

with  current 

regulator. 

No  long(?r  used. 

ALTERNATING-CURRENT,  POLYPHASE. 
Constant-potential^  two-  or  three-phase  currents. 


Circuits  intended  for- 


Power  transmission. 


Potential  in  Volts. 


Generator 
should  be- 


Motor  is— 


On  the  line, 
5,000  to 
60,000. 


In  the 

machines, 

varying  500 

td  12,000 


Separately 
excited. 


Synchronous 
or  Induction. 
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ALTERNATING-CURRENT,  SINGL-B-PHASE. 

Atmoitalirviyi  ctintlant-polential. 


Cintnita  Intended  foi— 

Potanlial  In  Volta. 

^nfi-K^ 

..ol-s-b.- 

Incandescent 

lighting. 
Arc  lighting. 

Electric  power. 

Primary, 

1,000 
or  more, 

Secondary, 
1(H  or  208. 

Separately 

i-xcited. 
Also  some- 
times 
composite- 
wound. 

Synchronoua. 
Induction. 

Series. 
Repulsion. 

Diagrams  of  Connections  are  given  for  each  imjwrtant  casf 
to  show  what  is  actually  required.  These  niHrely  represent  the 
path  of  the  currents  in  the  simplest  way,  the  important  thing  be- 
ing to  have  these  paths  right,  and  to  know  which  parts  or  wires  are 
to  be  connected.  The  ease  of  plants  operating  with  only  a  single 
generator  will  be  first  considered,  and  then  the  parallel  or  series 
operation  of  several  niacbinea  described. 

Sliunt  Dynamo,  Supplying  Constant  -  Potential  Circuit 
A  machine  of  the  above  typo 
is  represented  in  Fig.  13,  with 
the  necessary  oonneL-tionn.  The  . 
brushes  are  connected  to  tlio  two 
conductors  forming  the  main  cir- 
cuit; also  to  the  Held-niagnet  coils 
BA  through  a  resistance- box  II,  to 
regulate  the  strength  of  cnrreiit 

and  therefore  the  magnetism  in  the  field.    A  voltmeter  is  alaaa 
nected  to  the  two  brushes  or  main  conductors, to  measure  thev 
iige  or    electrical    pressure     between    them.      One    of    the    maiD 
conductors  ia  connected  through  an  ammeter  A,  which  measares 
the  total  current  on  the  main 


The  lamps  L,  or  mo- 
are  connected  in  j>ar- 


FiR.  13. 


circuit, 
tors  M, ! 
allfl  between  the  main  con- 
ductors or  between  branches 
from  them.  This  represents 
the  ordinary  low-tension  sys- 
tem   for   electric    light   and 


power  distribution  from  isolated  plants  or  centn'l  stations. 


;■  I. 
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Series  Dynamo  Supplying  Constant-Current  Circuits.     The 

connections  in  this  case  are  extremely  siinple,  the  armature,  tield 
coiU,  ammeter,  main  circuit,  and  lamps  all  being  connocteti  in  one 
series  (Fig,  13),  the  current  be- 
ing kept  constant.  Tbis  system 
is  used  for  series  D.  C.  arc  light- 


Fig.  U. 


Compound  Direct -Current 
Dynamo.  This  machine  is  a 
combination  of  the  two  forego- 
ing types  as  regards  field  wind- 
ing; but  its  load  of  lamps  and  motors  are  connected  in  parallel, 
as  shown  in  tig.  14,  The  resistance  Z  is  known  as  the  ''  series  " 
shunt,  and  is  for  adjusting  ,th»  percentage  of  compounding.  The 
greater  the  resistance  of  Z,  the  greater  the  current  passing  through 
the  series  field,  and  the  greater  the  compounding.  This  typo  of 
machine  is  most  extensively  employed  in  electric  railway  and  in 
isolated  plant  work. 


Fig.  15. 
Aftemating^urrent  l^ants.     The  connectiunx  for  it  tiiii^le- 
phase  installatioQ  are  showa  in  Fig.  15,  in  which  the  names  of  the 
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iifferent  parts  are  given.  This  system  is  extensively  used  for 
lighting  over  considerable  distances,  and  is  very  well  adapted  to 
street  railway  work.  The  wiring  of  a  two>phase  system  is  essen- 
tially double  that  given  above,  and  can  be  treated  as  a  system  con- 
sisting  of  two  single-phase  circuits. 

The  wiring  of  a  three-phase  system  is  as  shown  in  Figs.  ICki 
and  16i,  the  former  being  known  as  the  "Y"  system  or  "'Star" 


Fig.  16a. 

system,  and  the  latter  as  the  *'Delta"  (^)  system  or  *'Mesh"  sys- 
tem. When  the  Y  system  is  required  for  both  lighting  and 
power,  it  is  arranged  as  shown  in  Fig.  IGc. 

The  Direction  of  Rotation  of  the  various  machines  is  some- 
times a  matter  of  doubt  or  trouble.  Almost  any  generator  or 
motor  is  intended  to  be  run  in  a  certain  direction;  that  is,  it  is 
called  **right-handed"  or  '^left-handed"  according  to  whether  the 
armature  does  or  does  not  revolve  like  the  hands  of  a  clock,  when 
looked  at  from  the  pulley  end.     Generators  and  motors  are  usually 


QiMi 


Fig.  166. 

designed  to  bo  right-handed,  but  the  manufacturer  will  make  them 
left  handed  if  S{)ecially  ordered.  This  may  be  required  because 
the  other  pulley  to  which  the  machine  is  to  be  connected  hap|>t»ns 
to  revolve  left-lianded  ;  or  it  may  be  necessary  in  order  to  bring 
the  loose  side  of  the  belt  on  top,  or  to  permit  the  machine  to 
occupy  a  certain  position  where  space  is  limited. 


^^ 
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To  reverse  the  direction  of  rotation  of  an  ordinary  shant  (or 
Beries)  direct-cnrreut  bipolar  motor,  the  brushes  may  aimply  be 
reversed  as  indicated  in  Fig.  17,  without  changing  any  connection. 
This  changes  the  point  of  contact  of  each  brush  tip  180^ 

If  the  machine  is  multipolar,  a  similar  change  must  be  made, 
amounting  to  90^  in  a  four-po!e,  45'  in  an  eight-pole  machine,  etc. 


Fig.  16c 
The  direction  of  the  current  and  the  polarity  of  the  field  magnets 
remain  the  same  as  before;  all  that  is  changed  is  the  direction  of 
rotation  and  the  position  of  the  brushes.  This  applies  to  any 
machine  (either  motor  or  generator)  except  arc  dynamos  and  one 
or  two  otber  peculiar  machines,  which  require  to  lie  run  in  a  cer- 
tain direction  to  suit  the  regulating  apparatus. 

A  separately  excited  altiernating-current  generator  can  ba  re- 
versed in  direction  of  rotation  without  changing  any  connection. 
A  self-exciting  or  com  pound -wound  alternator  requires  the  bniahes 
that  supply  the  direct  current  to  the  titild  to  he  reversed  upon  the 


i  above 


Fig.  17. 
commntator,  and   their  tips  movcn]   through   an  angle  i 
stated,  if  the  rotation  is  to  be  reversed. 

In  any  case,  copjter  brushes  (unless  they  be  gauze  brushes 
pressing  radially  upon  the  commutator)  should  point  in  the  direc- 
tion of  rotation;  but  carbon  brushes,  particularly  if  they  are  per< 
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pendicular  to  the  surface  of  the  commutator,  allow  the  armature 
to  be  revolved  irr  either  direction. 

If  the  direction  of  the  current  from  a  generPtor  is  opposite  to 
that  desired,  the  two  wires  leading  from  it  should  exchange  places 
in  the  terminals.  If  this  is  not  desirable,  the  residual  magnetism 
may  be  reversed  by  passing  through  the  field  winding  a  current 
opposite  in  direction  to  the  original  current. 

Changing  the  direction  of  the  current  by  reversing  the  main 
wires  or  otherwise,  does  not  reverse  the  direction  of  rotation  of 
any  motor,  since  it  reverses  both  the  armature  and  the  field.  The 
way  to  reverse  the  direction  of  rotation  is  to  reverse  either  the 
armature  or  the  field  connection  alone ^  leaving  the  other  the  same 
as  before. 

Examination  before  Starting.  The  machine  should  be 
cleaned  throughout,  especially  the  commutator,  brushes,  electri- 
cal connections,  etc.  Any  metal  dust  on  the  commutator  or  near 
electrical  connections  should  be  removed,  as  it  is  very  likely  to 
cause  short  circuits  or  grounds.  Examine  the  machine  carefully, 
and  make  sure  that  there  are  no  screws  or  other  parts  that  are  loose 
or  out  of  place.  See  that  the  oil -cups  have  a  sufficient  supply  of 
oil,  that  the  jmssages  for  the  oil  are  clean,  and  that  the  feed  is  at 
the  proper  rate.  In  the  case  of  self-oilint^  bearings,  the  rings  or 
other  means  for  carrying  oil  should  work  freely.  See  that  the  belt, 
if  used,  is  in  place,  and  that  it  has  the  ])roper  tension.  If  the  ma- 
chine is  beinnr  started  for  the  first  time,  it  should  be  turned  a  few 
times  by  hand,  or  run  very  slowly,  in  order  to  determine  whether 
the  shaft  revolves  easily  and  the  belt  runs  on  centers  of  pulleys. 

The  brushes  should  be  carefully  examined,  and  adjusted  to 
make  good  contact  with  the  commutator  at  the  pro])er  ])oint,  the 
switches  connectinjT  the  machine  to  the  circuit  beinir  left  open. 
The  machine  should  then  be  started  with  Ciire,  and  brought  up  to 
full  speed  gradually,  if  possible.  The  jK^'son  who  starts  either 
a  dynamo  or  a  motor  should  closely  watch  the  machine  and  every- 
thing connected  with  it,  and  should  be  ready  to  throw  it  out  of  cir- 
cuit and  stop  it  instantly  if  the  least  thing  seems  to  be  wrong.  He 
should  then  be  sure  to  find  out  and  correct  the  trouble  before  start- 
ing again. 

Starting  a  Qenerator.     A  generator  is  usually  brought  up  to 
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speed  either  by  starting  its  engine  or  other  prime  mover,  or  by 
connecting  it  to  a  source  of  power  already  in  motion,  The  former 
should  be  attempted  only  by  a  person  conij)etent  to  manage  steam 
engines  or  the  prime  mover  in  question.  The  mere  mechanical 
connecting  of  a  generator  to  a  source  of  power  is  usually  not  dif- 
ficult; but  it  should  be  done  carefully  and  intelliorentlv,  even  if  it 
only  requires  throwing  in  a  friction -clutch  or  shifting  a  belt  from 
an  idle  pulley.  To  put  a  belt  on  a  pulley  in  motion  is  difficult  and 
dangerous,  particularly  if  the  belt  is  large  or  the  speed  is  high; 
and  should  not  be  tried  except  by  one  who  knows  just  how  to  do 
it.  Eveii  if  a  stick  is  used  for  this  purpose,  it  is  apt  to  be  caught 
and  thrown  around  by  the  machinery  unless  used  in  exactly  the 
right  way. 

In  many  cases  generators  are  brought  to  fhll  speed  before  the 
brushes  are  put  in  contact  with  the  commutator;  but  this  is  not 
necessary.  If  the  brushes  are  in  contact  before  starting,  they  can 
be  more  easily  and  perfectly  adjusted,  and  the  E.  M.  F.  will  come 
up  slowly,  so  that  any  fault  or  difficulty  will  develop  gradually  and 
can  be  corrected,  or  the  machine  stopped,  before  any  injury  is 
done.  In  fact,  if  the  machine  is  working  alone  on  a  system,  and 
is  absolutely  free  from  any  danger  of  short-circuiting  any  other 
machine  or  storage  battery  on  the  same  circuit,  it  may  be  started 
while  connected  to  the  circuit,  but  not  otherwise  (see  next  article). 
With  a  large  number  of  lamps  connected  to  the  circuit,  the  field 
magnetism  and  voltage  might  not  be  able  to  *'  build  up  "  until  the 
line  is  disconnected. 

If  one  generator  is  to  be  connected  to  another  or  to  a  circuit 
having  other  generators  or  a  storage  battery  working  upon  it,  the 
greatest  care  should  be  taken.  This  coupling  together  of  genera- 
tors can  be  done  perfectly,  however,  if  the  correct  method  is  fol- 
lowed, but  is  likely  to  cause  serious  trouble  if  any  mistake  is 
made. 

Two  or  more  machines  are  often  connected  to  a  common 
circuit.  This  is  especially  the  case  in  central  stations  where  the 
load  varies  so  much  that,  while  one  generator  jnay  be  sufficient  for 
certain  hours,  two,  three,  or  more  machines  may  be  required  at 
other  times.  The  various  ways  in  which  this  is  done  dejR»nd  upon 
the  character  of  the  machines  and  of  the  circuit. 
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Generators  may  be  connected  together  either  in  parallel  or  in 
series. 

Generators  in  Parallel.  In  this  case  the  -r  (positive  or  plus) 
terminals  are  connected  together  or  to  the  same  line,  and  the  - 
(negative  or  minus)  terminals  are  connected  together  or  to  the  other 
line.  The  currents  (i.  e.^  amperes)  of  the  machines  are  thereby- 
added,  but  the  £.  M.  F.  (volts)  is  not  increased.  The  chief 
condition  for  the  running  of  generators  in  parallel  is  that  their 
voltages  shall  be  equal,  but  their  current  capacities  may  be 
different. 

For  example:  A  generator  producing  10  amperes  may  be 
connected  to  another  generating  100  amperes,  provided  the 
voltages  agree.  Parallel  working  is  therefore  suited  to  con- 
stant'potential  circuits.  A  generator  to  be  connected  in  parallel 
with  others  or  with  a  storage  battery^  must  first  be  brcught  up 
to  its  proper  speed,  E.  M.  F.,  and  other  working  conditions; 
otherwise  it  will  short-circuit  the  aystom,  and  might  burn  out  its 
armature.  Hence  it  should  not  be  connected  to  a  circuit  in 
parallel  with  others  until  its  voltage  has  been  tested  and  found 
to  be  equal  to,  or  slightly  (not  over  1  or  2  per  cent)  greater  than, 
that  of  the  circuit.  If  the  voltage  of  the  dynamo  is  less  than  that 
of  the  circuit,  the  current  will  flow  back  through  it  and  cause  it 
to  run  as  a  motor.  The  direction  of  rotation  is  the  same,  how- 
ever, if  it  is  shunt-wound;  and  no  great  harm  results  from  a 
slight  difference  of  potential;  but  compound-wound  machines 
require  more  careful  handling. 

Direct-Current  Dynamos  in  Parallel  are  always  Shunt- 
Wound  (or  Compound- Wound).  The  test  for  equal  voltages  may  bo 
made  by  first  measuring  the  E.  M.  F.  of  the  circuit  and  then 
of  the  machine  by  one  voltmeter;  or  two  voltmeters,  one  connected 
to  each,  may  be  compared  (Fig.  18);  or  a  differential  voltmeter 
may  be  used.  Another  method  is  to  connect  the  dynamo  to  the 
circuit  through  a  high  resistance  and  a  galvanometer;  and  when 
the  latter  indicates  no  current,  it  shows  that  the  voltage  of  the 
dynamo  is  equal  to  that  of  the  circuit.  A  rougher  and  simpler 
way  to  do  this  is  to  raise  the  voltage  of  the  dynamo  until  its 
"pilot-lamp,"  or  other  lamp  fed  by  it,  is  fully  as  bright  as  the 
lamps  on  the  circuit,  and  then  to  connect  the  dynamo  to  the  cir- 
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cuit.  Of  course  the  lamps  compared  should  be  intended  for  the 
same  voltage  and  in  normal  condition.  Be  sure  to  connect  the 
positive  terminal  of  the  dynamo  to  the  positive  conductor,  and 
the  negative  terminal  to  the  negative  conductor  (Fig.  18)  ;  other- 
wise there  will  be  a  very  bad  short  circuit. 

When  the  dynamo  is  first  connected  in  this  way,  it  should 
supply  only  a  small  amount  of  current  to  the  circuit  (as  indicated 
by  its  ammeter),  and  its  voltage 
should  then  be  gradually  raised 
until  it  generates  its  proper  share 
of  the  total  current;  otherwise  it 
will  cause  a  sudden  jump  in  the 
brightness  of  the  lamps  on  the 
circuit. 

Series-Wound  Dynamos  in 
Parallel  Not  Used.  If  the  ma- 
chine is  series-wound,  the  back 
current  just  described  would 
cause  a  reversal  of  field  maff- 
netism  and  a  very  bad  short  cir- 
CMiitof  double  voltage.     In  fact, 

series  dynamos  in  parallel  are  in  unstable  equilibrium,  because  if 
t:?ither  tends  to  generate  too  little  current,  its  own  field,  w^hich  is 
in  series,  is  weakened,  and  thus  still  further  reduces  its  current  and 
probably  will  reverse  the  machine.  This  arrangement  is  therefore 
»iot  used.  One  way  in  which  this  difficulty  might  be  overcome  is 
\)y  causing  each  to  excite  the  other's  field  magnet,  so  that  if  one 
^nerates  too  much  current,  it  strengthens  the  field  of  the  other 
»nd  thus  counteracts  its  own  excess  of  power. 

Another  plan  is  to  excite  both  fields  by  one  machine,  or,  bet- 
ter, by  both  machines  jointly,  which  is  accomplished  by  connecting 
together  the  two  +  brushes  and  the  two  -  brushes  respectively,  by 
the  line  and  by  what  is  called  an  equalizer  (Fig.  19).  In  this  way 
the  electrical  pressure  at  the  terminals  of  the  two  armatures  is 
made  the  same,  and  the  currents  in  the  two  fields  are  also  made 
equal.  Series  machines  are  not  often  run  in  parallel,  but  the  prin- 
ciples just  explained  help  the  understanding  of  the  next  casey 
which  is  very  important. 


Fig.  18. 


32    MANAGEMENT  OF  DYNAMO- EL ECTHIC  MACHINERT 


Compound  Dynamos  in  Parallel.  Since  the  field  magnets  of 
these  machines  are  wound  with  series  coils  ae  welt  as  with  shant 
coils,  the  coupling  of  them  is  a  combination  of  the  shant  and 
series  cases  just  described. 

The  manner  of  connecting  two  or  more  compound  dynamos  to 
operate  in  parallel,  is  represented  in  Fig.  20,  A  being  the  armature, 
B  the  series,  and  C  the  shunt-field  coils.  li  is  the  shunt-field 
rheostat;  D  and  F  are  switches 
connecting  the  main  terminals 
of  the  machine  with  the  bus 
bars  G  and  I,  respectively;  and 
E  is  a  switch  to  connect  the 
equalizer  II  with  the  brnsh  end 
of  the  series  coil  B. 

Assume  that  machine  No.  1 

is  already  in  operation  with  its 

switches  D,  F,  and  F  closed,  and 

lachine  No.  2  thrown  in  circuit.      The 


Fig.  1». 


that  it  is  desired  to  have 
procedure  is  as  fellows: 

Bring  machine  No.  2  up  to  its  rated  speed,  and  adjust  its 
pressure  i>y  ineaim  of  tUu  shunt-field  rhenstat  until  it  is  a  little 
greater  (about  1  piTCfnt)  than  the  difference  of  jKitential  betwetin 
the  bars  (i  and  I,  This  fact  may  be  ascertained  by  comparing  two 
voltmeters  connected  to  the  dynamo  and  to  the  bus  bars  respec- 
tively; or  by  means  of  a  single  voltmeter  connected  through  a 
doulile- throw  switch,  first  to  one  and  then  to  the  other,  which  avoids 
the  error  due  to  a  dilTerenee  between  two  instruments.  Another 
plan  in  to  employ  a  dilferential  voltmeter,  that  is,  one  having  two 
windinfiM  on  the  miivaljje  coil,  so  that  it  indicates  directly  the 
ditforeitce  in  voltage  between  the  two  parts  of  the  system. 

After  the  ])resMuri'  of  the  iiimmin'j  dynamo  has  been  prop- 
erly regulated,  the  three  switches  E,  F,  and  D  are  closed  in  the 
order  named.  If  these  points  should  be  closed  simultaneously  by 
means  of  a  triple-polo  switch,  a  considerable  current  might  fiow 
through  the  series  field  winding,  tending  to  increase  still  further 
the  voltage  of  this  dynamo,  at  the  same  time  taking  current  away 
from  the  series  coils  of  the  other  machines,  and  thereby  reducing 
their  jiotential.     The  shifting  of  the  load  thus  produced  might  be  so 
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sadden  and  so  great  as  to  be  objectionable.  This  action,  however, 
is  not  of  sufficient  importance  to  overbalance  tht?  many  advantages 
afforded  by  the  use  of  a  switch  in  which  the  three  are  combined 
as  a  triple-pole  switch,  thus  guarding  against  the  jwssibility  of 
any  accident  due  to  closing  the  wrong  circuit  first. 

After  the  machines  have  bt*n   thrown  in  parallel,  their  volt- 


ages should  be  adjusted  by  the  ehunt-tii'lil  rheostats  f.»  that  the 
load  is  properly  divided  between  them. 

Compound  dynamos  of  different  size  or  current  capacity  may 
also  be  coupled  an  desorilM-d.  proviiled.  of  course,  their  voltages  are 
equal;  and  provided  also  that  the  resit-taiices  of  tlm  Beries  field 
coils,  together  with  their  leads  to  the  bus  bar.  are  inversely  pro- 
portional  to  the  current  ca|)acities  of  the  several  macliiiiee;  that  le, 
if  a  dynamo  produces  twice  as  mncli  cnrreut,  its  series  coil  and 
lead  should  have  half  the  resistance.  It  is  further  necessary  that 
the  two  machiues  should  agree  iii  llieir  uetion,  so  that  a  given  in- 
crease in  load  will  produce  the  same  effect  upon  their  voltages. 
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If  they  are  not  in  agreement,  they  may  be  adjusted  by  slightly  in- 
creasing the  resistance  of  the  series  coil  of  that  machine  which 
tends  to  take  too  large  a  share  of  the  load.  This  may  be  done  by 
simply  interposing  a  few  extra  feet  of  conductor  of  the  same  cur- 
rent capacity  as  the  series  coil,  between  the  latter  and  the  main 
conductor  or  bus  bar.  The  shunts  which  are  almost  always  used 
to  adjust  the  effect  of  the  series  coils  in  compound  dynamos 
(shown  at  Z  in  machine  No.  1,  Fig.  20),  operate  properly  in  the 
case  of  machines  working  »ingly^  but  are  worthless  for  machines 
in  parallel.  The  resistances  of  the  serus  coils  themselves  must  be 
adjusted  as  explained  above,  when  two  or  more  compound  ma- 
chines are  run  in  parallel.  The  use  of  iron  for  this  shunt  makes 
the  compounding  effect  in  the  dynamo  more  uniform,  because  its 
resistance,  rising  as  the  current  through  it  increases,  throws  a 
greater  fraction  of  the  current  through  the  series  coils  at  full  load, 
and  compensates  for  the  fact  that  the  field  magnetism,  and  conse- 
quently the  voltage,  does  not  increase  proportionately  with  the  in- 
creasing load  current. 

Shunt-wound  dynamos  run  in  parallel  tend  to  steady  each 
other,  for,  if  one  happens  to  run  too  fast,  it  has  to  do  more  work, 
which  opposes  the  increase  of  8{x?ed  ;  and  it  also  takes  part  of  the 
load  off  the  other  machines,  which  makes  them  run  faster,  thus 
producing  equality.  This  mutual  regulation  will  take  care  of  any 
slight  difference  between  machines,  such  as  that  caused  by  tho  slip 
of  the  belt,  or  even  small  differences  in  the  governing  action  of  the 
different  engines  that  may  be  driving  them.  Compound-wound 
dynamos  have  very  much  less  mutual  regulation,  owing  to  the 
effect  of  the  series  coil  ;  and  it  is  necessary  that  their  speeds,  vol- 
tages, i»tc.,  should  regulate  much  more  exactly  than  with  simple 
shunt  machines.  They  often  work  badly  together  owing  to  ean^- 
lessness  or  to  imperfect  agreement  between  them,  but  with  proj)er 
care  and  good  apparatus  they  run  well  in  parallel. 

If  generators  are  located  at  considerable  distances  from  the 
switchboard,  the  equalizing  connection  may  be  run  directly  from 
one  machine  to  the  other  with  the  ecjualizing  switch  (E,  Fig.  20) 
on  the  frame  of  each,  instead  of  running  to  the  switchboard.  This 
saves  copper,  especially  in  the  cjise  of  large  generators. 

Alternators  in  Parallel,    To  run  two  alternators  in  parallel, 


«m 
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several  oonditions  have  to  be  fulfilled :  The  incoming  machine — 
as  in  the  case  of  direct-current  machines — must  be  brought  up  to 
nearly  the  same  voltage  as  the  first  one;  it  must  operate  at  ex- 
actly  the  same  frequency ;  and,  at  the  moment  of  switching  in 
parallel,  it  must  be  in  phase  with  the  first  machine.  This  corre- 
spondence of  frequency  and  phase  is  called  synchronism. 

It  is  impossible  with  mechanical  speed -measuring  instru- 
ments to  determine  the  speed  as  accurately  as  is  necessary  for  this 
purpose.  There  is,  however,  a  very  simple  method  of  electrically 
determining  small  differences  in  speed  or  frequency.  In  Fig.  21, 
let  M  and  N  represent  two  single-phase  alternators,  which  can  be 
connected  by  means  of  the  single-pole  switch  AB  Across  the 
terminak  of  the  switch  is  connected  an  incandescent  lamp  L,  capa- 
ble of  standing  twice  the  voltage  of  either  machine.  When  AB 
is  open,  the  circuit  between  the 

machines   is  completed  through    n x!^!!r 

L.  The  two  machines  inav  l>e 
connected  in  parallel  as  follows: 
Assumingr  machine  Mai  ready  in 
operation,  bring  up  machine  N  *^*  ** 

to  approximately  the  pro|)er  s])eed,  and  voltage;  then  watch  lamp  L. 
If  machine  N  is  running  a  very  little  slower  or  fjister  than  machine 
M,  the  lamp  L  will  glow  for  one  moment  and  l)e  dark  the  next.  At 
the  instant  when  the  voltages  are  ecjual  in  pressure  and  phase,  L 
will  remain  dark;  but  when  the  ])hases  are  displaced  by  half  a 
period,  the  lamp  will  glow  at  its  maximum  brilliancy.  Since  the 
flickering  of  the  lamp  is  de|)endeiit  upon  the  difference  in  fre- 
quency, the  machines  should  not  be  thrown  in  parallel  while  this 
flickering  exists.  The  prime  mover  of  the  incoming  machine  must 
be  brought  to  the  proper  s{)et^l;  and  the  nearer  machine  N  ap- 
proaches snychronism,  the  slower  the  flickering.  When  it  is  very 
slow,  we  can  use  the  moment  the  lamp  is  dark  to  throw  the  ma- 
chines in  parallel  by  closing  the  switch  across  Al].  The  machines 
are  then  in  phase,  and  tend  to  remain  so,  since  if  one  slows  down 
the  other  will  drive  it  as  a  motor.  It  is  better  to  close  the  switch 
when  the  machines  are  approaching  synchronism  than  when  they 
are  receding  from  it,  that  is,  at  the  instant  the  lamp  W*oines  dark. 
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Fig.  22. 
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This   method   of  synchronizing  is  open  to  the  following  ob- 
jections: 

(a)     The  lamps  may  be  dark  with  considerable  difference  in  voltage. 
For  instance,  a  110-volt  lamp  is  dark  with  a  pressure  of  20  to  25  volts. 
(6)     The  lamp  may  be  dark  owing  to  a  broken  filament. 

It  may  thus  happen,  with  this  arrangement,  that  the  ma- 
chines are  placed  in  parallel 
while  there  is  a  considerable 
difference  of  voltage  or  phase 
existing,  and  an  excessive  rush 

of  current  will  result. 

A  method   not   open    to   the 

above  objections  is  shown  in 
Fig.  22.  The  machines  to  be  switched  in  parallel  are  each  con- 
nected to  the  bus  bars  by  means  of  double-pole  switches.  Two  in- 
candescent lamps,  of  the  machine  voltage,  are  cross-connected  as 
shown.  If  the  machines  are  in  phase  and  the  voltages  generated 
are  equal  in  value,  the  difference  of  potential  between  A  and 
a  given  point  is  the  same  as  that  between  A'  and  the  same  point; 
likewise  B  and  B'  have  the  same  relative  potential  values.  Ilence 
a  lamp  connected  between  A 
and  B'  would  burn  with  the 
same  brilliancy  as  if  it  were 
connectKl  directly  across  AB; 
likewise  with  the  other  lamp. 
If,  however,  the  machines 
happen  to  be  directly  opposite 
in  phase  but  to  be  generating 
voltacre  of  the  same  value,  A 
and  B' are  of  the  same  relative 
potential  value,  and  B  and 
A'  are  likewise  of  the  same  value;  hence  lamps  cross-connected  as 
in  Fitr.  22  would  be  dark.  At  any  other  phase  diiference  the 
lamps  will  glow,  but  not  so  brightly  as  when  in  phase.  Hence, 
with  this  arrangement,  the  machines  should  be  thrown  in  parallel 
when  the  lam[)s  are  on  the  verge  of  maximum  brightness,  a  con- 
dition readily  determined,  but  not  possible  with  the  first  method. 
The  connections  as  shown  in  Figs.  21  and  22  are  not  directly 
applicable  to  high-tension    working,    but    require    the    introduc- 
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tion  of  transformers  as  shown  in  Fig.  23,  which  is  a  nioilitication 
of  Fig.  22.  The  secondaries  (of,  say,  50  volts  each)  should  bi^  con- 
nected in  series  with  each  other  and  to  one  100- volt  lamp.  When 
the  two  machines  are  opposed  in  phase,  the  lamp  is  dim.  If  the 
lamp  flickers  badly,  the  phase  is  not  right;  but  if  the  lump  is 
steady  at  full  brightness,  the  machines  are  in  phase,  and  they  may 
be  connected  without  disturbintr  the  circuit,  by  closiiicj  the  main 
switch. 

If  alternators  are  rigidly  connected  to  each  other  or  to  the 
engine,  so  that  they  necessarily 
run  exactly  tc^ther,  there  is  no 
need  of  bringing  them  into  step 
each  time,  but  they  should  be 
adjusted  to  the  same  phase  in 
the  first  place. 
The  connections  of  the  synch- 


Fig.  24. 


ronizing  lamps  of  a  three-phase  system  are  similar  to  those  for  a 
single-phase  system.  For  instance,  the  method  em])loytHi  in 
Fig.  21  may  be  extended,  and  lamps  connected  as  in  Fig.  24.  If 
the  three  lamps  simultaneously  become  dark  or  bright,  the  con- 
nections are  correct,  and  the  three  switches  may  be  clostnl  at  an 
instant  of  darkness.  It  may  happen,  however,  that  the  lamps 
do  not  become  bright  or  dark  simultaneously  but  successively 
This  indicates  that  the  order  of  connection  of  the  leads  of  one 
machine  does  not  correspond  with  that  of  the  other.  In  this  case, 
transpose  the  leads  of  one  machine  until  the  ])roper  or  simultane- 
ous action  of  the  lamps  is  obtained.    After  the  machines  have  been 

])roperly  connected,  it  is  suf- 
ficient to  synchroipze  with  one 
of  the  lamps.  Similarly,  with 
hicrh-tension  svsteins,  only  a 
single-phase  transforiiuT  is  re- 
(juired,  connected  as  shown  in 
FicT.  25. 

Generators  In  Series.  Tliis 
arrangement  is  less  common 
than  parallel  working,  and  does  not  usually  operate  so  wt*ll,  ex- 
cept with  seriea-wound  machines  on   arc  circuits,  which  is  very 


Fig.  25. 
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successful.  The  conditions  are  exactly  opposite  to  tboBe  in  the 
preceding  group— generators  in  [>aralli'l. 

To  connect  machines  in  series,  the  positive  terminal  of  one 
must  of  course  be  connected  to  tlio  negative  terminal  oE  the  nuxt, 
and  so  on.  Eacli  must  have  a  current  ai^maity  e<jual  to  tlie  inax- 
imuiri  current  on  tlie  circuit,  lint  tliey  may  differ  to  any  extent  in 
E.  M.  F,  The  voltages  of  niaehineH  in  series  are  added  together; 
and  therefore  danger  to  persons,  insulation,  etc.,  is  increased  in 
proportion. 

Series-Wound  Direct-Current  Dynamos  in  Series  are  con- 
nected in  tlie  simple  way  rcpresentwl  in  Fig.  20;  but,  usually 
machines  connected  in  Berii'S  are  for  arc  lighting — for  example, 
when  two  dynaniOB,  each  of  40  lights  eajiacity,  are  run  on  ono  cir- 
cuit of  80  lamps,  in  which  case  the  dynamos  usually  have  some 


FiK.  *2fi.. 

form  of  regulator,  Tlu'se  ri'gulutors  do  not  usually  work  well  to- 
gether, because  they  are  iipt  i<i  -si-fsaw''  with  each  other.  This 
dittieulty  may  be  overeoitje  i-illu'r  by  eoiinecting  the  regulators  so 
that  they  work  togi'lhci-.  or  by  M'lting  <i\w  regulator  to  givn  full  E. 
M.  F.  and  letting  tli.^  olhi-r  ah.ni-  e<iriln.l  the  current.  This  hitter 
plan  can  lie  followed  only  when  the  variation  iji  load  does  not  vx- 
(■<-cd  the  power  of  onu  miichiiLc.  ( ■oiislaril-enrrent  <!ynarnos  hav- 
ing regulators  with  lilllc  in.Tliu  in  the  moving  parts,  and  thus  little 
tendency  to  •■ovcrr^hrHit."  >iieh  ari  the  Ilnish  machine,  can  be  run 
in  series  without  unich  trouble. 

Shunt  or  Compound  Dynamos  In  Series  run  well,  jirovided 
the  shuTit-field  coils  are  connected  ti.gt'ther  to  form  one  shunt 
across  both  machines.  If  the  itiachines  aR^  compound,  all  of  tht- 
series  coils  must  be  connected  in  series  with  tlie  main  circuit. 
Another  plan  is  to  connect  each  shunt  tield  so  that  it  is  fed  only 
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by  the  armatiire  of  the  other  machine  ;  or  both  t}ie  shunt  coils  may 
be  connected  bo  as  to  be  ftnl  by  one  armature,  the  series  coils  being 
in  the  main  circuit  as  before. 

Alternators  in  Series.  The  synchronizing  tendency  which 
makes  it  possible  to  run  alternators  in  parallel,  eauses  them  to  get 
(lilt  of  step  and  become  opposed  to  each  other  when  it  is  attempted 
to  run  theiu  in  series.  It  is  therefore  impracticable  to  run  them 
in  series  unless  their  shafts  are  rigidly  conoected  so  that  they  must 
run  exactly  in  phase  and  thus  add  their  waves  of  current  instead 

of  counteracting  each  other.     This  case  rarely  occurs. 

Dynamos  on  the  Three-Wire  System  (Direct-Current).     In 

the  ordinary  three-wire  system 

4or    incandescent    lighting  and     ^^^ 1— 

j)ower  service,  no  particular  pre-     s(a)      ""' 

«3antioDsare  required  in  starling     ^^fc± — i_! 

«Dr  connecting  the  machines;  and     §(0)      110- 
•either  of  the  two  arrangements     °^Si_      ^ 


■^hown  in  Figs,  27a  and  27i  may  Fig.  27a. 

lie  adopted.    The  two  sides  of  the 

system  are  almost  independent  of  each  oilier,  and  form  practically 
separate  circuits,  for  which  the  middle  or  neutral  wire  acta  as  a 
^zommon  conductor.  There  is,  however,  a  tendency  for  the  dyna- 
mos (Fig.  27'/)  to  be  reversed  in 
starting  up,  in  shutting  down,  or 
in  the  case  of  a  severe  short  cir- 
cuit. This  can  1>6  avoided  by  ex- 
p.     „,  citing  the  field  coils  of  all  the 

dynanms  from  one  side  of  the 
vystem,  or  from  a  separate  source.  To  obtain  fiood  regulation,  it  is 
necessary  to  balance  the  load  equally  on  both  sides  of  the  system. 
It  is  advisable  to  einploy  220-voU  motors  on  III). volt  3-\vire 
systems,  and  to  connect  them  across  the  outside  conductors  so  that 
the  motor  load  shall  not  unl>alance  the  eysteni. 

KINDS  OP  MOTORS,  CONNECTIONS,  AND  STARTING. 

Tne general  instructions  relating  to  the  adjustment  of  tirusDes, 
screws,  belt,  oil-cups,  etc.  given  in  relation  to  the  generator,  should 
he  carefully  followed  preparato.y  to  starting  a  motor.     The  actual 
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starting  of  a  motor  is  usually  a  simple  matter,  since  it  consists 
merely  in  operating  a  switch;  but  in  each  case  there  are  one  or 
more  important  points  to  be  considered 

CONSTANT- POTENTIAL  D.  C.  CIRCUITS. 

5hunt- Wound  Motor.  A  motor  to  operate  at  nearly  constant 
speed,  with  varying  loads,  on  a  D.  C.  constant-potential  system 
(110-  or  220- volt  lighting  circuits)  is  usually  plain  shunt- wound. 
This  is  the  commonest  form  of  stationary  motor.  The  field  coils 
are  wound  with  wire  of  such  a  size  as  to  have  the  proper  resistance 
and  resulting  magnetizing  current;  and  since  the  potential  applied 
is  practically  constant,  the  field  strength  is  constant. 

In  starting  shunt  motors,  no  trouble  is  likely  to  occur  in  con- 
necting the  field  to  the  circuit.  Thedifticulty  is  with  the  armature 
current,  because  the  resistance  of  the  armature  is  very  low  in 
order  to  get  higher  efiiciehcy  and  constancy  of  speed,  and  the  rush 
of  current  through  it  in  starting  might  be  twenty  or  more  times 
the  normal  number  of  amperes.  To  avoid  this  excessive  current, 
motors  are  started  on  constant-potential  circuits  through  a  rheostat 
or  '' startinir-box  ■'  coiitaininir  resistaiici^  coils. 

TIh^  main  wires  are  connect(»d  t]irou<'-li  a  branch  cut-out  (with 
safety  fuses),  and  jjreferably  also  a  (louble-|)ole  knife  switch  Q,  to 
the  motor  and  box,  as  indicated  in  Fig.  2S.  AVhen  the  switch  Q 
is  closed,  th(^  arm  S  being  in  its  h^ft-liaiid  jjosition,  tli(»  field  circuit 
is  closed  tliroucrh  tlu^  contact  stud  t\  and  th(*  armature  circuit  is 
closed  through  tlu*  resistance  coils  a^  <i^  f/,  which  prevent  the  rush 
of  current  refiMTcd  t(L  '^I'ln^  motor  then  starts,  and  as  the  speed 
rises  it  gencM-ates  a  count(*r  K.  ]\r.  F.,  so  that  the  arm  S  can  be 
turned  as  shown  until  all  llie  resistance-coils  <^  a^  a^  are  cut  out,  and 
the  motor  is  directly  connected  to  the  circuit  and  running  at  full 
speed.  The  arm  S  should  l>e  turned  slowly  enough  to  allow  the 
speed  and  counter  K.  ^l.  F.  to  come  uj)  as  tlu^  resistances  a^  </,  a 
are  cut  out.  The  arm  S  should  ])ositiv(»ly  close  the  field  circuit 
tirst,  so  that  the  magnetism  reaches  its  full  strength  (^which  may 
take  several  seconds)  before  the  armature  is  connected. 

\\\  the  arrantjement  shown  in  Fi<r.  2<S  the  release  macrnet  has 
its  coils  in  series  with  the  field.  As  loner  as  the  motor  is  in 
operation,  the  core  is  energized  and  the  arm  S  is  held  in  the  posi- 
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^Jon  shown.  If,  however,  the  current  supplied  to  the  motor  is 
I^Qt  off  and  the  motor  comes  to  rest,  the  core  of  the  magnet  loses 
^^8  attractive  force,  and  the  arm  S  is  released,  being  automatically 
oioved  i)ack  to  the  starting  position  by  a  spring. 

The  coils  a,  a,  a  are  made  of  comparatively  fine  wire,  which 
^  carry  the  current  only  for  a  few  seconds  in  a  ''  starting-box;'' 


Re/ea^e  magnet 


Armafure 


Fig.  28. 


"^^  if  the  wire  is  large  enough  to  carry  the  full  current  continu- 
^^%,  it  is  called  a  "  regulator,"  because  the  arm  S  may  bt^  left  so 
^M  some  of  the  resistances  a,  ^/,  a  remain  in  circuit,  and  tliey  will 
"^ve  the  effect  of  reducing  the  speed  of  the  motor,  which  is  often 
^«7  desirable. 

In  some  cases  where  a  circuit  is  used  exclusively  for  a  single 
fflotor,  the  speed  is  regulated  without  heavy  resistances  by  varying 
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the  £.  M.  F.  of  the  dyoamo  which  supplies  the  circait.  The 
dyoamo  regulator  is  then  placed  near  the  motor.  The  advantage 
is  that,  the  regulator  is  not  compelled  to  control  a  heavy  current, 
but  a  special  circuit  of  unv^aried  pressure  must  be  provided  to  keep 
the  field  of  the  motor  constant. 

The  speed  control  of  a  shunt  motor  may  be  simply  obtained 
as  follows: 

a.  For  lower  speeds,  insert  resistance  in  series  with  tbe'  armature 
circuit.  The  reBulting  T.  K.  drop  reduces  the  v&lne  of  tho  voltage  applied  to 
the  armature  tenmnals,  and  thus  reduces  tbe  speed. 

El.  For  higher  speeds,  insert  resistance  in  the  shunt-field  circuit.  This 
reduces  tbe  magnetic  flux,  and  to  generate  the  same  C.  E.  Mi  F.  the  motor 
must  speed  up. 


l-'ig.  a». 

The  field  circuiit  of  a  sliunt  niotiir  should  iiuver  be  opent^d 
while  prenBiire  is  Hlill  applied  to  tlio  antiature  tenuiiialx,  as  under 
theae conditions  tlie  armature  currt-nt  becomes  very  excessive  and 
tbe  p.nnaturo  ia  likely  to  race  and  probably  be  damaged.  A  mod- 
erate decrease  in  field  strength  only  is  allowable  ;  otherwise  s|wirk- 
ing  becomes  exc-esaive. 

Series-Wound  Motor.  Tbe  onlmary  electric  railway  motor 
on  the  550-volt  trolley  aysteni  is  the  chief  example  of  the  class 
^Fig.  21'.)    Motors  for  fans,  pumps,  or  electric  elevators  and  hoists 
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are  either  of  this  kind  or  of  the  compound  type.  A  rush  of  cur- 
rent tends  to  occur  when  the  series  type  of  motor  is  started,  similar 
to  that  in  the  case  just  described  ;  but  it  is  less,  because  the  field- 
coils  are  in  series,  so  that  their  resistance  and  self  induction  reduce 
the  excess.  Furthermore,  the  counter  E.  M.  F.  is  greater  even  at 
low  speed  because  the  heavy  current  produces  a  strong  field. 

Tlie  connections  as  indicated  in  Fig.  30  are  very  simple,  the 
armature,  field-coils,  and  rheostat  all  being  in  series  and  carrying 
the  same  current. 

Tlie  series-wound  motor  on  a  constant-potential  circuit  does 
not  have  a  constant  field  strength,  and  does  not  tend  to  run  atcon- 


Afains 


Armafure 


Fig.  30. 


stant  speed,  like  a  shunt  motor.     In  fact  it  may  "race  "and  tear 

itself  apart  if  the  load  is  taken  off  entirely;  it  is  therefore  suited 

only  to  railway,  pump,  fan,  or  other  work  where  variable  speed  is 

desired,  or  w^here  there  is  no  danger  of  the  load  beiii({  removed  or 

a  l>elt  slipping  off.     It  is  also  used  where  the  potential  is  subject 

to  sudden  and  large  drops,  as  on  the  ends  of  lontr  trolley  circuits, 

because  in  such  a  case  a  shunt  motor  becomes  momentarily  a  J2;en- 

erator  and  sparks  very  badly.     The  fields  of   series    motors    are 

sometimes  "overwound,"  that  is,  so  wound  that  tliev  will   have 

their  full  strength  with  even  one-half  or  one-third  of  the  normal 

cnrrent.     The  objects  are  to  secure  a  nearly  constant  sju'cd  witli 

varvini£  loads,  to  enable  the  motor  to  run  at  hio-li  efficiency  when 

drawing  small  currents,  and  to  prevent  sparkintr  at  heavy  loads. 

In  multipolar  motors  having  more  than  two  iield-coils,  thf^ 
coils  are  all  connected  together,  and  are  equivalent  to  the  single 
pairs  of  coils  shown  in  the  several  diagrams.     IJeing  separated, 
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however,  it  is  Bometimes  necessary  to  trace  out  the  connections. 
Fig.  81  represeDta  the  oeoessarj  connectioDS  for  a  fonr-pole  motor, 
shunt- wound  and  series- wound. 

Differentially-Wound  Motor.  This  ia  a  shnnt-wound  motor 
with  the  addition  of  a  coil  of  large  wire,  on  the  field,  connected  in 
aeries  with  the  armature  in  auch  a  way  aa  to  oppoae  the  magne- 
tizing effect  of  the  shunt  winding  and  weaken  the  field,  thus 
caueing  the  motor  to  speed  up  when  the  load  is  increaaed,  as  an 
offset  to  the  elowing-dowu  efFect  of  load. 

It  was  formerly  used,  for  obtaining  very  conatant  B|)eed,  but 
it  hae  been  found  that  a  plain  ahunt  motor  ia  aufliciently  constant 
for  almost  all  caaea.     The  differential  motor,  if  overloaded,  has 


Bhant-wonad  Motor.  Sotlos-wh 

Fig.  31. 

the  great  disadvantage  that  the  current  in  the  opposing  (aeries) 
field-coil  becomea  so  great  as  to  kill  the  field  maguetisni;  and 
instead  of  increasing  or  keeping  up  ita  speed,  the  armature  alowa 
down  or  atops,  and  is  likuly  to  burn  out;  whereas  a  plain  ehuut 
motor  can  increase  ita  power  greatly  for  a  minute  or  aowhen  over- 
]oadt«3,  and  will  probably  throw  off  the  belt  or  carry  the  kiad  initit 
the  latter  decreases  to  tho  normal  amount. 

Compound- Wound  riotor.  This  tyjw  of  motor  ia  also  pro- 
vided with  a  shunt  and  a  series-field  winding.  Fig.  32,  but  in  tliio 
instance  tliey  magnetize  tlio  field  in  the  same  direction,  or,  in  other 
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words,  their  effect  is  cnmulative.  This  type  of  motor  |»8st«» 
the  powerful  starting  torque  feature  of  the  series  motwr,  but»l« 
variable  speed  with  varying  loatis.  It  is  emplored  wLereagrwt 
Ktjirliiig  tdnpit'  »iid  a  fairly  uniform  runningspeedarerwjnired,**, 
for  example,  with  eleetrin  hoists  or  elevators. 

Dynamotors,  Fig.  33,  and  also  motor-generator  sete,  are 
started  in  the  aame  way  &s  motors  ;  that  is,  the  motor  portioDof 
the  machine  is  connected  to  the  circuit  and  ofH-rated  pn-citwly lili* 
the  corresponding  kind  of  motor.  Usiinlly  the  motor  part  ia  plain 
flhunt-wonnd,  and  is  supplied  with  ciirreiil  from  &  consUiiil-iwien- 
tial  circuit.  It  is  therefore  connected  and  started  in  the  maniief 
shown  and  de3cril)ed  on  page  40. 

The  currt-nt  generateti  by  the  dynamo  portion  of  liie  dvQ*' 
motor  may  be  taken  from  the  terminals,  and  used  for  any  purpo?*' 
to  which  it  is  suittsi.     Tlie  E.  M.  F.  or  current  produced  mar  V^ 
regulated   liy  varying  the   resistance  in   the  armature  circuit  o^ 
either  the  motor  or  dynamo.     In  case  the  dynamo  armature  has  1^ 
si-|Mirate  field  magnet,  the  K.  it.  F.  and  current  may  he  controlM 
by  regulating  the  magnetic  strength  of  this  field,  or  the  mncliinc 
may   he  compoiiuded  or  even  "over-compounded."     But  if  the 
armatures  of  both  motor  and  dynamo  are  acted  npon  by  the  same 
field,  tlie  E.  M.  F.  of   the  dynunto  cannot  be  varied  except  by 
inserting  resistances  in  tht"  circuit  of  either  armature  nr  by  shifl- 
ing  the  brushes.     But  the  latter  method  will  be  likelv  to  cause 

ALTERNATINQ-CURRENT  MOTORS. 

AltiTn;iliiii:-ciirrfTit  tiKilors  ojM'rslt'  on  ci)ristau|.|]Ott-riti;il  cir- 
cuit.s  since  ali.iu.t  ;ili  A.  C.  system,  are  of  this  Iviiid.  There  <m' 
.seveni!  (y|ii-s  uf  tb.'se  mulois,  the  simjjl.-.^t  of  which  is  ities- /V'.. 
m-fl.;„c  f..r  siiigle-ph;is»  current.  This  ia  similar  to  the  c.r 
responding  1  >.  ('.  motor,  except   tlnit  ils  field  must  be  hiMiinattil- 

It  jMissi'sses  tlie  eliaracteristic  of  large  starting  torque  and  lends 
itself  to  vnriiilile  sp.-i'il  control  like  ils  direct  curn-ril  c-onnteriKirt 
and  is  coiiiiiig  into  use  very  rapidly  for  electric  railway  work. 
ISotli  the  General  Kicetric  and  the  Vestingiu.use  Elect'ric  and 
Miinufiu'turirii^  {'omimnies  liave  placed  such  machines  upon  tlu- 
market  and  tLey  are  ahvady  in  ojieratiori  on  a  number  of  electric 
ruads  wliere  they  are  giving  satistactiou. 
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Tills  type  of  motor  while  retaining  practically  all  the  advan- 

IK^  of  tbe  direct-current  series  motor  for  electric  railway  work 

rmits  the  use  of  alternating  current  on  the  trolU^  with  all  its 

tendaut  adnintages.     A  frequency  of  25  seems  likely  to  become 

Je.<tau(lard  for  such  work.     The  cars  can  be  operated  on  existing 


Fig.  34. 

directcurrent  lines  and  the  multiple  unit  control  system  can  he 
applied  to  cars  equipped  with  single- phase  motors. 

An  ordinary  single-phase  alternator  can  be  used  as  a  motor; 
'^Jit  it  must  first  be  brought  up  to  synchronism  w^ith  the  supply 
gtrneratorby  means  of  some  auxiliary  starting  device  (steam  entrjne, 
polyphase  induction  motor,  etc.)  before  the  load  can  be  applied. 
^  this  form  the  machine  is  known  as  the  simjle-phase  synfhroti- 
"^19  motor.  The  condition  of  synchronism  is  determined  by  one 
of  the  methods  described  in  the  paragraph  on  ''Alternators  in 
I^arallel."  After  the  motor  is  in  synchronism  it  may  be  connected 
to  the  circuit  by  closing  its  supply  switch;  and  it  will  then  con- 
tinue to  run  at  an  absolutely  constant  speed,  unless  heavily  over- 
loaded, when  it  falls  out  of  step  and  stops. 

On  accouot  of  these  features,  the  synchronous  motor  is  not  to 


401 


i8    UANAGBMENT  OF  DTNAHO-ELECTRIC  MACHINERY 

ho  recommended  for  general  application.  Variona  maonfacturera, 
notably  the  Wagner  Electric  Company,  and  the  Fort  Wayne  Elec- 
tric Company,  manufacture  self -starting,  single-phase  BynchronoOB 
motors,  nsually  limited,  however,  to  the  smaller  sizes.  The  con- 
struction and  action  of  the  Fort  Wayne  motor  (Fig.  34),  which  is  a 
combination  uf  the  two  preceding  types,  are  as  follows:  The 
armatnre  core  is  provided  with  a  double  winding,  one  equipped 
with  collecting  rings,  and  the  other  with  an  ordinary  commutator. 
The  field  magnet,  which  is  laminated,  is  wound  wiUi  two  eepante 
circuits,  one  being  of  low  resistance  and  a  small  number  of 
turns,  the  other  of  high  resistance  and  many  turns,  like  an  ordi- 
nary shunt-tield  winding.  In  starting,  the  motor  runs  as  a 
series  machine,  the  tow-resist- 
ance field  being  in  series  with  the 
com  mutated  armature  winding 
and  the  line.  When  it  has 
reached  synchronism,  the  switch 
A,  on  the  top,  is  thrown  over  to 
the  right,  and  the  supply  line 
connected  with  the  collector 
rings  and  the  corres[>onding  ar- 
inuture  winding;  while  the  com- 
,..     „  mutated  end  is  connected  to  the 

other   field    winding,   and  thus 
providi^  the  direct  current  necessary  forfleld  excitation. 

In  addition  to  the  single-[)liaae  there  is  also  X[mp<il>jphani:  nijn- 
f/ironims  motor.  This  latter  form,  however,  is  self-starting  withont 
field  current,  but  will  not  t-arry  a  loud  until  it  is  running  in  syn- 
chronism. Wlifu  this  i-oiidition  is  reached,  the  field  circuit  should 
be  closed  before  apjilying  the  load. 

A  great  advantage  uf  the  synchronons  motor  is  that  when  its 
field  is  oviT-excited,  it  draws  a  leading  current  from  the  line,  thus 
acting  like  a  condenser  and  tending  to  neutralize  the  inductive 
effect  of  other  machinery,  so  that  the  power  factor  of  the  whole 
system  is  raised.  The  most  extensive  use  of  the  synchronous  motor 
is  as  a  part  of  the  rotary  converter,  which  is  employed  to  coi;vert 
alternating  into  direct  currents,  for  traction  and  electrc>-"hemical 
purposes. 
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The  Bstisfactoiy  use  of  altercating  currents  for  power  purposes 
depends  mainly  on  the  polyphase  imluct'ion  7notot;  as  in  tliis  form 
the  A.  C.  motor  is  self-starting  with  considerable  torque  and  oper- 
4te8  >t  a  practically  constant  speed  from  no  load  to  a  heavy  07er> 
load.  iDduction  motors  are  designed  for  the  standard  voltages 
ud  frequencies. 

In  most  induction  motors  now  built,  the  primary,  or  part  into 
which  the  currents  from  the  line  are  led,  is  the  stationary  member, 
mtliUor.  The  secondary,  in  which  the  induced  currents  are  set 
np,  b  the  rotating  member,  or  rotor.     There  are  two  kinds  of  rotor 


'"'aings,  the  simpler  being  that  known  as  the  "  squirrel-cngf.  " 
'nia  winding  is  made  up  of  a  number  of  copper  bars,  etiurtlly 
'paced  around  the  rotor  core,  and  imbedded  therein.  The  temiiii- 
"'  ot  these  inductors  are  interconnected,  or  short  (rireui ted,  hy 
•"esasof  heavy  copper  rings  placed  at  both  ends  of  the  core,  as 
ehoirn  in  Eig.  35. 

The  other  form  of  winding  is  of  the  drum  species,  usually 
'W-pbase,  Y-connected;  and  the  coils  are  located  at  I'^iO'  iuter- 
%  (the  arc  between  centers  of  adjacent  poiea  being  called  ISO'i 
*itli  respect  to  each  other.  The  free  ends  of  the  windings  are 
frejiectively  brought  out  to  three  slip  or  collecting  rings  ;  and  on 
■hisaccount  this  type  of  rotor  is  frequently  called  the  '■  Hli[)-ring'" 
fotor  (Fig,  36). 

Starting  Induction  Motors.  In  small  sizes,  up  to  3  or  5  II. 
P..  the  induction  motor  can  Iw  started  by  connecting  its  stator 
termiDals  directly  to  the  line.     But  with  larger  sizes  the  inrash 
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of  current  is  excessive  and  likely  to  disturb  ths  system  ;  accord- 
ingly some  form  of  starting  device  is  nsoally  necessary.* 

Starting  Compensators.  This  inrush  of  current  can  be 
avoidt^  by  inserting  a  starting  resistance,  or  inductance,  in  series 
with  the  primary  Minding  and  the  line,  or  by  nsing  some  other 
means  of  catting  down  the  applied  E.  M.  F.  The  torque  of  an 
induction  motor  decreases  as  the  sqnare  of  the  applied  voltage,  so 
that  this  method  of  starting  results  in  a  greatly  reduced  starting 
effort.  However,  in  niany  instances,  motors  are  not  started  up 
under  fall  load,  so  that  this  may  not  be  a  serious  objection. 

While  a  resistance  could  be  employed  as  described,  it  is  more 
economical  to  employ  an  auto-transfonner  (that  is,  a  transformer 


D 


if 


Vig.  37. 

having  but  oiio  coil,  wli fell  serves  trn  both  a  primary  and  aspcond- 
ary\  or  cov/j^ivxittoi^  fia  it  is  i-allcd  wlien  used  for  this  purpose 
Conipfiisutor  conncctioriH  for  a  tlirce-phase  motor  are  represfnted 
in  ]"ig.  37.  Tlie  compensator  consists  of  coils  f/,  h,  and  <■,  wound 
on  a  liuiiiiiated-iroii  corf,  each  coil  Iwing  provided  with  a  number 
of  taps,  1.  2.  8.  etc.  Tlie  pressure  applied  to  the  motor  at  start- 
ing is  jirojKirtioneil  to  tlie  amount  of  each  coil  included  in  the  cir- 
cuit. AVliilo  the  coinjx^iisator  winding  is  provided  with  taps,  only 
tliat  one  whieh  is  most  suitiblo  for  the  work  is  used  after  the 
equipment  is  jH'nnaiiently  installed.  When  the  switch  is  in  the 
*  Thi»  inru.sli  of  current  is  friHiucntly  three  times  the  rated  load  c 
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lower  position  as  indicated,  a  part  of  each  coil  is  in  series  with 
each  leg  of  the  system  leading  to  the  motor;  and  the  applied  volt- 
age is  correspondingly  cut  down.  After  the  motor  reaches  its  rated 
6|)eed,  the  switch  is  thrown  to  the  u])per  or  running  position,  and 
the  stator  or  primary  terminals  are  connected  directly  to  the  line. 
The  compensator  thus  prevents  an  excessive  inrush  of  current,  and 
gives  the  motor  a  smooth  start,  although  it  decreases  the  starting 
torque,  compared  with  that  due  to  full  line  pressure. 

Speed  Regulation  of  Induction  Motors.  For  some  classes 
of  work,  it  is  desirable  to  have  induction  motors  arranged  so  that 
their  sj)eed  can  be  controlled,  the  usual  methods  being  : 

a.     The  insertion  of  a  variable  resistance  in  the  rotor  circuit. 

6.     Cutting  down  the  voltage  applied  to  the  stator,  as  just  described. 
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Fig.  38. 

The  more  satisfactory  method  of  sj)eed  control,  is  that  with 
variable  resistance  inserted  in  the  rotor  circuit,  the  power-factor 
and  hence  the  efficiency  of  the  system  being  greater  at  reduced 
speeds  than  with  the  conijiensator  or  ecpiivalent  device.  It 
requires,  however,  the  use  of  collector  rings,  connecting  brushes, 
and  leads,  since  a  resistance  for  continuous  service  is  too  bulky  to 
be  placed  within  the  machine.  Still  further,  the  heat  develoj)ed  in 
the  resistance  would  heat  the  machine  too  much.  The  controller 
itself  looks  like  an  ordinary  trolley  car  controller,  but  for  simplicity 
it  is  represented  as  a  three-anned  controller  (Fig.  88)  in  which  the 
arms  a,  J,  and  c  are  in  electrical  contact  under  the  handle.  The 
resistance  is  provided  in  three  sets,  one  for  each  free  end  of  the 
rotor  winding;  and  each  set  is  subdivided  so  that  it  can  be  grad- 
ually cut  out  of  circuit  as  the  motor  speed  increases.  Frecjuently 
the  controller  is  so  arranged  that  the  first  motion  of  the  handle 
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closes  the  supply  lines,  and  subsequent  motions  vary  the  resist- 
ances in  the  rotor  circuit,  thus  performing  the  function  of  a 
supply  switch  and  speed  controller. 

Another  method  of  speed  control,  is  to  have  the  winding  on 
the  stator  arranged  so  that  by  means  of  a  suitable  controlling 
switch,  the  number  of  poles  can  be  changed.  This  is  a  verj' 
economical  method  from  the  electrical  standpoint,  and  gives  a  very 
wide  range  of  control,  but,  on  account  of  its  complexity  and  cost, 
is  used  only  to  a  limited  extent. 

In  general,  the  induction  motor  does  not  allow  of  the  same 
range  of  speed  control  as  does  the  direct -current  motor,  and  the 
methods  employed  for  this  purpose  are  not  efficient. 

Single- Phase  Induction 
Motor.  A  two  or  three-phase 
induction  motor  will  operate 
fairly  well,  if,  after  reaching 
full  speed,  all  but  one  of  the 
phases  be  cut  out.  It  will  not 
B  however  start  from  rest  under 
the  influence  of  single-phase 
excitation.  Hence,  to  start 
an  induction  motor  from  the 
lines  of  a  single- phase  sys- 
tem, currents  differing  in 
phase  must  bo  obtained.  This  is  accomplished  by  connecting  the 
two  j)rimary  windings  A  and  B  (in  the  case  of  a  two-phase  motor) 
in  parallel  to  the  single-phase  mains,  at  the  same  time  connecting 
in  series  with  one  winding  a  resistance  R  (Fig.  39).  The  cur- 
rents flowing  tbrongli  these  two  windings  will  then  differ  in 
phase,  one  leading  the  other  on  account  of  a  difference  in  their 
constants,  and  will  thus  produce  a  rotating  field,  and  the  motor 
will  then  start  np/^  AVhen  the  motor  has  reached  full  speed, 
one  ])liase  may  be  cut  out  by  opening  the  switch  at  S,  and  the 
machine  will  carry  its  load.  The  resistance  R  may  be  replaced 
to  advantage  by  a  condenser,  especially  on  small  machines.  Such, 
a  machine  is  commonly  called  a  "split-phase"  motor. 

*  This  field  is  not  a  rotary  field  in  the  full  sense,  being  elliptical  ia 
character. 
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DIRECTIONS  R)R  RUNNING  GENERATORS  AND  MOTORS. 

After  any  one  of  these  machines  has  been  pro{)erly  started,  it 
usually  requires  little  attention  while  running;  in  fact,  generators 
or  motors  frequently  operate  all  day  without  any  care  whatever. 

In  the  case  of  a  machine  that  has  not  been  run  before  or  has 
lieen  changed  in  any  way,  it  is  wise  to  watch  it  closely  at  first.  It 
is  also  well  to  give  the  bearings  of  a  new  machine  plenty  of  oil  at 
^irst,  but  not  enough  to  run  on  the  armature,  commutator,  or  any 
j)art  that  would  be  injured  by  it;  and  to  run  the  belt  (if  used) 
rather  slack  until  the  bearings  and  belt  are  in  easy  working  condi- 
tion. 

If  possible,  a  new  machine  should  be  run  without  load  or 
^with  a  light  one  for  an. hour  or  two,  or  for  several  hours  in  case  of  a 
large  machine;  and  it  is  bad  practice  to  start  a  new  machine  with 
its  full  load  or  even  a  large  fraction  of  it.  This  is  true  even  if  the 
machine  has  been  fully  tested  by  its  manufacturer  and  is  in  perfect 
<!ondition,  because  there  may  be  some  fault  in  setting  it  up  or  some 
other  circumstance  that  would  cause  trouble.  All  machinery  re- 
<iuires  some  adjustment  and  care  for  a  certain  time  to  get  it  into 
smooth  working  order. 

AVhen  this  condition  is  reached  the  only  attention  required  is 
to  supply  oil  when  needed,  keep  the  machine  clean,  and  see  that  it 
is  not  overloaded.  A  generator  requires  that  its  voltage  or  current 
should  be  observed  and  regulated  if  it  varies.  The  attendant  should 
always  be  ready  and  sure  to  detect  the  beginning  of  any  trouble, 
such  as  sparking,  heating,  noise,  abnormally  high  or  low  speed, 
etc.,  before  any  injury  is  caused,  and  to  overcome  it.  Such  direc- 
tions should  be  pretty  thoroughly  committed  to  memory  in  order 
promptly  to  detect  and  remedy  any  trouble  when  it  occurs  sud- 
denly, as  is  usually  the  case.  If  |X)ssible,  the  machine  should  be 
shut  down  instantly  when  any  indication  of  trouble  a[)jK»ara,  in 
order  to  avoid  injury  and  give  time  for  examination. 

Keep  all  tools  or  pieces  of  iron  or  steel  away  from  the  ma- 
chine while  running,  as  they  might  be  drawn  in  by  the  magnetism, 
perhaps  getting  between  the  armature  and  jK)le  j»ii*ces  and  ruining 
the  machine.  For  this  reason  use  a  zinc,  brass,  or  co[)[H*r  oil -can 
instead  of  one  of  iron  or  ^^tin"  (tinned  iron) 
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Particular  attention  and  care  should  be  given  to  the  commu- 
tator and  brushes,  to  see  that  the  former  keeps  perfectly  smooth 
and  that  the  latter  are  in  proper  adjustment.     (See  "Sparking.") 

Never  lift  a  brush  while  the  machine  is  delivering  current 
unless  there  are  one  or  more  other  brushes  on  the  same  side  to  carry 
the  current,  as  the  spark  might  make  a  bad  burnt  spot  on  the  com- 
mutator,  or  might  burn  the  hand. 

Touch  the  bearings  and  field  coils  occasionally  to  see  whether 
or  not  they  are  hot.  To  determine  whether  the  armature  is  run- 
ning hot,  place  the  hand  in  the  current  of  air  thrown  out  from  it 
by  centrifugal  force. 

Special  care  should  be  observed  by  any  one  who  runs  a  gen 
erator  or  motor,  to  avoid  overloading  it,  because  this  is  the  cause 
of  most  of  the  troubles  which  occur. 

Personal  Safety.  Never  allow  the  body  to  form  part  of  a 
circuit.  While  handling  a  conductor,  a  second  contact  may  be 
made  accidentally  through  the  feet,  hands,  knees,  or  other  jwirt  of 
the  body,  in  some  peculiar  and  unexpected  manner.  P^or  example, 
men  have  been  killed  because  they  touched  a  "live"  wire  w^hile 
standing  or  sitting  upon  u  conducting  body. 

Rubber  gloves  or  rubber  shoes,  or  both,  should  be  used   in 
handling  circuits  of  over  500  volts.*     The  safest  plan  is  not  to 
touch  any  conductor  while  the  current  is  on;  and  it  should  be  re- 
nieinbered    that   the  current  may  be  present  when  not  expecteil,. 
owing  to  an  accidental  contact  with  some  other  wire  or  to  a  changt?- 
of  connections.     Tools  with  insulated  handles,  or  a  dry  stick  oET" 
wood,  should  be  used  instead  of  the  bare  hand. 

The  rule  to  use  onhj  (nie  /nffid  when  handling  dangerous  elec- 
trical conductors  or  aj)])aratus  is  a  very  good  one,  because  it  avoids 
the  chance,  which  is   very  great,  of  making  contacts  with  both 
hands  and  getting  the  current  through  the  body.     This  rule  i=^ 
often   made  still   more  definite  by  saying,  *»Keep   one  hand    ir 
your  pocket,"'  in  order  to  make  sure  not  to  use  it.     The  above  prt* 
cautions  are  often  totally  disregarded,  particularly  by  those  wh« 
have  become  careless  throuixh  familiarity  with  danijerous  current== 
The  result  has  been  that  aliHOst  all  persons  accidtntaUy  kille 

*  Those  articles  should  be  snb.iectcd   to  testa  at   frequent   intervals, 
as  to  determine  their  condition. 
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by  artificial  electricity  have  been  experienced  linemen  or  station 
men. 

Stopping  Generators  or  Motors*  This  is  accomplished  by 
following  substantially  the  same  directions  as  for  starting  them, 
but  in  the  reverse  order. 

A  generator  operating  alone  on  a  circuit  can  be  slowed  down 
and  stopped  without  touching  the  switches,  bruslies,  etc.,  in  which 
case  the  current  gradually  decreases  to  zero;  and  then  the  con- 
nections can  be  opened  without  sparking  or  any  other  difficulty. 

However,  •  when  a  generator  is  operating  in  parallel  with 
others,  or  with  a  storage  battery,  it  must  not  be  stopped  or  reduced 
in  speed,  until  it  is  entirely  disconnected  from  the  system,  other- 
wise it  will  act  as  a  short  circuit.  Furthermore,  the  current 
generated  by  it  should  be  reduced  nearly  to  zero  before  its  switch 
is  opened.  This  is  accomplished  by  adjusting  the  field  rheostat  of 
the  machine  to  be  cut  out,  great  care  being  taken  that  the  change 
is  gradual.  If  the  reduction  be  rapid,  the  voltage  of  the  machine 
may  drop  so  low  as  to  cause  a  back  current  to  flow. 

A  constant-current  generator  may  be  cut  into  or  out  of 
circuit  in  series  with  others,  and  can  be  slowed  down  or  stopped; 
or  its  armature  or  field  coils  may  be  short-circuited  to  prevent  the 
action  of  the  machine,  without  disconnecting  it  from  the  circuit- 
It  is  absolutely  necessary^  however^  to  j^^'c^erve  the  continuity  of 
the  circuity  and  not  to  attempt  to  open  it  at  any  point,  as  this  would 
produce  a  dangerous  arc.  Hence  a  by-path  must  be  j)rovided  by 
closing  the  main  circuit  around  the  generator,  before  d'sconnect- 
ing  it.  This  same  rule  applies  to  any  lamp,  motor,  or  other  device 
on  a  constant -current  system. 

Never,  except  in  an  emergency,  should  any  circuit  be  opened 
'when  heavily  loaded,  for  the  reason  that  the  flash  at  the  contact 
points,  discharge  of  magnetism,  and  mechanical  shock  which  result, 
are  decidedly  objectionable. 

A  Constant-Potential  flotor  is  stopped  by  turning  the  start- 
ing-box handle  back  to  the  position  it  had  before  starting  (Fig.  28); 
^T^  if  there  is  a  switch  Q^  connecting  the  motor  to  the  circuity 
as  there  always  should  be,  it  should  be  opened,  after  which  the 
etarting-box  handle  is  moved  back  to  be  ready  for  starting  again. 
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Immediately  after  a  machine  is  stopped,  it  should  be  thor- 
oughly cleaned,  and  put  in  condition  for  the  next  run.  When  not 
in  use,  machines  stould,  when  feasible,  be  protected  from  dirt  and 
moisture  by  covers  of  some  waterproof  material. 

INSPECTINQ  AND  TESTING. 

Adjustment  and  the  other  points  which  depend  merely  upon 
mechanical  construction,  are  hardly  capable  of  being  investigated  by 
a  regular  quantitative  test,  but  they  can  and  should  be  determined 
by  thorough  inspection.  In  fact  a  very  careful  examination  of  all 
parts  of  a  machine  should  always  precede  any  test  of  it.  This 
should  be  done  for  two  reasons:  first,  to  get  the  machine  into 
proper  condition  for  a  fair  test;  and,  second,  to  determine  whether 
the  materials  and  workmanship  are  of  the  best  quality  and  satis- 
factory in  every  respec't.  A  loose  screw  or  connection  might  inter- 
fere with  a  good  test;  and  a  poorly  fitting  bearing,  brush-holder,  or 
other  part  might  show  that  the  machine  was  badly  made. 

If  it  is  necessary  to  take  the  machine  apart  for  cleaning  or  in- 
spection, the  greatest  care  should  be  exercised  in  marking,  number- 
ing, and  placing  the  parts,  in  order  to  be  sure  to  get  them  together 
exactly  the  same  as  before.  In  taking  a  machine  apart  or  patting 
it  together,  only  the  miniimiin  force  should  be  used.  Much  force 
usually  means  that  soniethino;  wrong  is  being  done.  A  wooden  or  raw- 
hide  mallet  is  preferable  to  an  iron  hammer,  since  it  does  not  bruise 
or  mar  the  j)arts.  ITsually  screws,  nuts,  and  other  parts  should 
be  set  uj)  fairly  tight,  but  not  tight  enough  to  run  any  risk  of 
breaking  or  straining  anything.  Shaking  or  trying  each  screw  or 
other  j)art  with  a  wrench  or  screw-driver,  will  show  whether  any  of 
them  are  too  loose  or  otherwise  out  of  adjustment. 

Friction.  The  friction  of  the  hearincrs  and  brushes  can  be 
tested  roughly  by  merely  revolving  the  armature  by  hand,  or 
slowly  by  j)owt»r,  and  noting  if  it  requires  more  than  the  normal 
amount  of  force.  Excessive  friction  is  quite  easily  distinguished, 
even  l)y  int»xj)erienced  persons.  Another  method  is  to  revolve  the 
armature  by  hand  or  otherwise,  and  see  if  it  continues  to  revolve 
by  itself  freely  for  some  time.  A  well-made  machine  in  good  con- 
dition and  running  at  or  near  full  sjx^ed,  will  continue  to  run  for 
several  minutes  after  the  turnintr  force  is  removed. 
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A  method  for  actually  measuring  the  friction  consists  in  at- 
taching a  lever  (a  bar  of  wood,  for  example)  to  the  shaft  or  pulley 
at  right  angles  to  it.  The  force  required  to  overcome  the  friction 
and  to  turn  the  armature  without  current,  is  then  determined  by 
known  weights  or,  more  conveniently,  by  an  ordinary  spring 
balance.  For  convenience  in  dividing  by  the  length  of  the  lever, 
etc.,  to  determine  the  value  of  the  friction  compared  with  the  power 
of  the  machine,  it  should  be  exactly  1,  2,  or  4  feet  long.  The 
friction  of  the  bearings  alone — that  is,  the  pull  which  is  required 
to  turn  the  armature  when  the  brushes  are  lifted  ofip  the  commu- 
tator— should  not  exceed  about  2  per  cent  of  the  total  torque  or 
turning  force  of  the  machine  at  full  load.  When  the  brushes 
are  in  contact  with  the  commutator  with  the  usual  pressure,  the 
friction  should  not  then  exceed  about  3  per  cent;  that  is,  the 
brushes  themselves  should  not  consume  more  than  1  per  cent  of 
the  total  turning  force. 

Another  method  of  measuring  the  friction  of  a  machine  is  to 
run  it  by  another  machine  used  as  a  motor,  and  determine  the 
volts  and  amperes  required,  first,  with  brushes  lifted  off,  and  second? 
with  brushes  on  the  commutator  with  the  usual  pressure.  The 
torque  or  force  exerted  by  the  driving  machine  is  afterwards 
measured  by  a  Prony  brake  in  the  manner  described  hereafter  for 
testing  torque,  care  being  taken  to  make  the  Prony  brake  meas- 
urements at  exactly  the  same  volts  and  amperes  as  were  required 
in  the  friction  tests.  In  this  way  the  torques  exerted  by  the  driv- 
ing machine  to  overcome  friction  in  each  of  the  first  two  tests  are 
determined;  and  these  torques,  compared  with  the  total  torque  of 
the  machine  being  tested,  should  give  percentages  not  exceeding 
those  stated  above  for  maximum  values  of  friction.  The  magnetic 
pull  of  the  field  on  the  armature  may  be  very  great  if  the  latter  is 
not  exactly  in  the  center  of  the  space  between  the  j)ole  ])ieces. 
This  would  have  the  effect  of  increasing  the  friction  of  the  shaft 
in  the  bearings  when  the  field  is  magnetized.  It  occurs  to  a  cer- 
tain  extent  in  all  cases,  but  it  should  be  corrected  if  it  becomes 
excessive.  This  may  be  tested  by  turning  the  current  into  the 
fields,  being  sure  to  leave  the  armature  disconnected,  and  then  turn- 
ing the  shaft  with  the  lever  as  before.  The  friction  in  this  case 
should  not  be  more  than  2  to  4  per  cent. 
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Tests  for  friction  alone  should  be  made  at  a  low  speed,  be- 
cause at  high  speeds  the  effects  of  Foucault  currents  and  hysteresis 
enter  and  materially  increase  the  apparent  friction. 

Balance.  The  perfection  of  balance  of  the  armature  or 
pulley  can  be  roughly  tested  by  simply  running  the  machine  at 
normal  speed  and  noting  if  these  jmrts  cause  any  objectionable 
vibration.  Of  course,  practically  every  machine  produces  percept- 
ible vibration  when  running,  but  this  should  not  amount  to  more 

than  a  very  slight  trembling.  The  balance  of  a  ma- 
chine can  be  definitely  tested,  and  the  extent  of  the 
vibration  measured,  by  suspending  the  machine  or 
by  mounting  it  on  wheels,  and  running  it  at  full 
speed.  In  this  case  it  is  better  to  run  the  machine 
as  a  motor,  even  though  it  be  actually  a  generator, 
in  order  to  avoid  the  necessity  of  running  it  by  a 
belt,  which  would  cause  vibration  and  interfere 
with  the  test.  If,  however,  the  use  of  a  belt  is 
unavoidable,  it  should  be  arranged  to  run  vertically 
upward  or  downward  so  as  not  to  produce  any  hori- 
zontal motion  in  addition  to  the  vibration  of  the 
machine  itself.  Fig.  40  shows  a  machine  hung  up 
to  be  testi^d  for  balance,  and  run  either  as  a  motor 
or  by  the  vertical  belt  indicated  by  the  dotted  lines. 
Any  lack  of  balance  will  cause  the  machine  to  vi- 
brate or  swing  horizontally,  and  this  motion  can  be 

measured  on  a  fixed  scale. 
Fig.  40. 

Noise.  This  cannot  well  be  tested  quantita- 
tively, although  it  is  very  desirable  that  a  machine  should  make 
as  little  noise  as  possible.  Koise  is  produced  by  various  causes. 
The  machine  should  be  run  at  full  spetnl,  and  any  noise  and  its 
cause  carefully  noted.  A  machine — esj)ecially  the  con) mutator — 
will  nearly  always  run  more  quietly  after  it  has  been  in  use  a  week 
or  more  and  has  worn  smooth. 

Heating.  The  ])ro[)er  way  to  determine  the  temperature  rise 
in  electrical  apparatus  is  l)y  measurements  of  resistance,  before 
and  after  openiting  for  a  specified  time  (usually  3  to  4  hours)  under 
rated  load. 


4\% 


MANAGEMENT  OF  DYNAMaELECTRIC  MACHINERY    59 


The  rise  of  temperature  is : 

0  =  (238.1  ^  t)  (  — *g=-^  -  l), 

in  which  t  is  the  room  temperature  in  dt-gret-s  Centigrade,  H^  tho 
resistance  in  ohms  at  room  temjjerature.  and  i  K,  -u  q  )  the  final  re- 
sistance at  a  temperature  elevation  iA0^  (',  The  standard  nxjin 
temperature  is  25^  C;  and  if  it  differs  from  thi.s,  the  determined 
rise  should  be  corrected  by  —\  jjer  cent  for  each  dejrree  (*.  For 
ordinary  tests  it  may  l>e  assumed  that  the  re.si.-tanf^  of  copjier  in- 
creases A  per  cent  for  each  dejjfree  C  ri??^  in  temjierature.  Tlie 
allowable  rise  in  temperature  for  field  or  armature  windings  is 
5(P  C,  hence  their  resistance  for  continuou-*  o[i*'ration  at  rat<jd 
load  should  not  be  more  than  20  jier  cent  in  exce.-s  of  the  nx)m 
temperature.  The  heating  of  commutator?f,  colhftor  ringH,  and 
brnshes  that  cannot  Ije  measure*!  elt-ctncallv.  h  te-t^J  bv  thermom- 
eters  when  the  machine  is  5topf»e<^l,  th»'  [^.-niii-t-ible  ri.-e  N;ing  50' 
C;  and  for  bearings  and  other  jjarts  of  ri:Ji^'hiri»"j  the  limit  is  40  ('. 
When  a  thennometer  is  applinJ  to  a  -nrfa^'e  it  should  ]n;  coven-^l 
by  a  pad  of  cotton  or  waste  cloth,  in  a  -hallow,  circular  l^ix  aUiUt 
li  inches  in  diameter.  A  lar</e  [icid  u-iA^.  to  acr'ijmnlate  heat. 
When  machines  are  in  o[j»-ration.  or  in  or:i»-r  ^-a-*-^  wh^-n  it  in  not 
convenient  to  measure  resi-tanc»f^.  erji^-'-:;*.!;'  for  exrv'--.ive  temper- 
atures due  to  abnormal  conditlori-.  trj*-rrfiorr;**t^*r-.  rnav  Ur  n.r*;*l  Ui 
test  all  stationarj-  {•arts:  bnt  it  hhon'A  f^*  r.otw]  that  their  indir;a. 
tions  are  nsuallv  aU^nt  o  ('  hy^^r  iU'%u  iii^r-.*'  fh-u-nniu^A  bv 
resistances,  Ijecau-s^f  the  surfa^-*-  ir  f'*ttt.-z  tiiari  tr;"-  i:.**'rior.  A  v#'ry 
simple  test  of  beatincf  'm  toaj^j/.y  the  h;i:.d  -.o  t:.*r  ar;;.^Tir»-.  ev*,.  and 
if  it  can  be  held  there  w::iio:.t  ffr-'a*  ♦r.-'-o.'/.Tor*.  tf*»f  t'-rfiji^'ra^ure 
is  not  dan^erou*.  AliO'^ar**-*?  T'u*f'.A  ai/av-,  r^-  ir;^:'-.  hox*-v»-r, 
for  the  fact  that,  on  a/'#r^jririt  of  i*-?  h'<4t  ^'or.')'.'*!  .*v.  ^/'-ir*-  rf,»-*al 
feels  very  much  hott^-r  than  '•o*v>r../'ov.--wi  v  r»-.  i.r:..  •->..  at  •:.- 
same  actual  temperatnr»r^:  br;*  t:.:-!  aj  rj^r*:,*,  ditf^r»'r*r»-  :-  r.'i'irrt 
less  if  the  band  is  kept  on  for  10  to  :j'»  -wy,:.«i-. 

5parkiii|^  at  the  c*^>r?;rx*'i*.ator  tr^:.:/*.  v;  a/v-iriti-iy  r:.'-ar:irr-#l: 
but  it  is  veiT  object io:.a?/!r.  ar*-:  '.:.  \  :■  v:/;.-  ;:.  ^•-'/-i  or-i-r 
should  be  tianltr  j^r'^-p*. ;?/*-.  !:.  ar.v  Vr*.  o..-  -l.oi.i  '/'r^-rv^- 
ca ref nil V  whether  th^r  d {^si rk  i  r.  j/  ]  r.  - 1  ->--  • '.  *  •.-  ■  /r  :.  o*. :  n  r.  i  [  f  r«  /.  :•, 
what  it  ia  doe. 
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MANAGEMENT  OF  DYNAMO 
ELECTRIC  MACHINERY, 


PART   II 


ELECTRICAL  RESISTANCE. 

Among  the  most  important  tests  which  it  is  necessary  to 
make  in  connection  with  Dynamo-Electric  Machinery  are  those  for 
resistance. 

There  are  two  principal  classes  of  resistance  tests  that  must 
be  made  in  connection  with  generators  and  motors.  First,  the 
resistance  of  the  wires  or  conductors  themselves,  called  the  metallic 
resistance  ;  and,  second,  the  resistance  of  the  insulation  of  the 
wires,  known  as  the  insulation  resistance.  The  latter  should 
always  be  as  high  as  possible,  because  a  low  insulation  resistance 
not  only  allows  current  to  leak,  but  also  causes  "  burn-outs  "  and 
other  accidents.  Metallic  resistance,  such,  for  example,  as  the 
resistance  of  the  armature  or  field  coils,  is  commonly  tested  either 
by  the  AMieatstone  bridge  or  by  the  "drop"  (fall -of -potential) 
method. 

The  Wheatstone  Bridge  is  simply  a  numlx^r  of  branch  cir- 
cuits connected  as  indicated  in 
Fig.  41.  A,  B,  and  C  are  resis- 
tances the  values  of  which  are 
known.  X  is  the  resistance 
which  is  being  measured.  G  is 
a  galvanometer,  S  its  key,  and 
E  is  a  battery  of  one  or  two 
cells  controlled  by  a  key  K,  all 
lieincr  connected  as  shown.  The 
resistance  C  is  varied  until  tiie 
l?ig.  41.  galvanometer   shows  no  deflec- 

tion, when  the  keys  K  and  S  are  closed  in  the  order  named.     If 
the  key  S  8bQ^W  be  closed  before  K,  or  »t  the  9amQ  woraent,  th^ 


«IT 
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iuduotive  effect  would  produce  a  pronounced  deflection  of  the 
galvanoiiieti-r  needlt*.  and  thus  probably  cause  confusion.  The 
value  of  the  resistaiioe  X  is  then  found  by  nmltiplying  together 
roBistances  C  and  B,  and  dividing  by  A;  that  is, 


x=.^ 


A 


A  very  convenient  form  of  this  apparatus  ia  what  is  known  as 
the  portablo  bridge  (Fig.  43).  Tliia  consists  of  a  box  containing 
the  thriw  Ants  of  known  i-eaistaiiL-ea,  A,  B,  and  G,  controlled  by 
plugs;  also  tho  galvHnoiiieter  (.1,  and  keys  Iv  and  8,  all  connected 


^ 


Kig.  12. 

in  the  proper  way.  In  some  cases  further  convenience  is  secured 
by  including  the  battery  E  in  the  box;  but  oi-dinarily  this  is  not 
done,  and  it  ia  necessary  to  connect  one  or  two  cells  of  battery  to 
a  pair  of  binding. poata  placed  on  the  box  for  that  purpose.  He- 
sistances  from  y'j  ohm  to  100,000  ohms  can  be  conveniently  and 
accurately  measured  by  the  Wheatstone  bridge.  Below -J|j-  ohm  the 
resistances  of  the  contacta  in  the  binding-posts  and  plugs  are  apt 
to  cause  errors,  and  therefore  special  bridges  provided  with  mer. 
cury  contact  ciipa  are  uaed.  In  fact,  in  measuring  any  resiatanc'^. 
care  ehould  be  taken  to  mak«  tlw  coanootiona  dean  and  ti  ■;:•„ 
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The  ordinary  bridge  will  not  measure  al)ove  100,000  ohms,  l)e. 
cause,  if  the  resistance  in  the  arm  B  is  100  ohms,  lohm  in  A,  and 
1,000  ohms  in  C,  then  X  is  100,(X)0.  Sometimes  the  arms  A  and 
B  are  provided  with  l,(X)0.ohm  coils  in  addition  to  the  usual  1-, 
10-  and  100-ohm  coils;  or  sometimes  the  arm  C  contains  more 
than  1,000  ohms  in  all;  in  either  case  the  range  will  he  corre- 
spondingly increased. 

It  should  be  observed,  however,  that  the  use  of  ratios  of  1,000: 
l,or  even  100:  1,  is  not  desirable,  since  they  are  likely  to  multiply 
any  error  due  to  contact  resistances,  etc.  In  fact,  it  is  usually  bet- 
ter to  have  the  four  resistances  not  very  widely  different  in  value; 
that  is,  no  one  of  them  should  be  more  than  ten  times  greater 
than  any  other  except  when  very  high  or  very  low  resistances  are 
to  be  measured.  The  Wheatstone  bridixe  may  \>e  useil  for  testincr 
the  resistances  of  almost  any  Held  coils  that  are  found  in  practice. 
Shunt  fields  for  110- volt  machines  usually  vary  from  about  100  or 
200  ohms  in  a  l-II.  P.  machine  to  about  5  to  20  ohms  in  a  100. 
H.  P.  machine.  If  the  voltaw  is  hitrher  or  lower  than  110,  these 
I'esistances  vary  as  the  square  of  the  voltage.  Series  tiekls  for  arc- 
<;ircuit  dynamos  vary  from  about  1  to  20  ohms.  In  measuring 
£eld  resistances  with  the  bridire,  care  must  l»e  taken  to  wait  a  con- 
eiderable  time  after  pressing  the  battery  key,  bt^fore  ])ressing  the 
^Ivanometer  key,  in  order  to  allow  time  for  the  self-induction  of 
^he  magnets  to  disappear. 

The  bridge  may  Ix?  used  also  for  testing  the  armature  resis- 
tance of  some  machines.  But  110- volt  shunt  machines  above  10 
31.  P.  usually  have  resistances  less  than  -^^^  ohm,  which  is  Ix'low 
the  range  of  the  ordinary  bridge,  as  already  stated.  For  higher 
or  lower  voltages  the  resistance  is  projwrtional  to  the  srpiare  of  the 
voltage.  Arc  machines  have  armatures  of  alK)Ut  1  to  20  ohms 
a^^istance,  and  are  therefore  easily  tested  by  the  bridge. 

The  Drop  (or  Fall-of-Potential )  Method  is  well  adaptt^l  for 
locating  faults  quickly,  and  for  testing  the  armature  resistance  of 
^lost  generators  and  motors,  or  the  resistance  of  contact  Wtween 
^x>mmutator  and  brushes,  or  other  resistances  which  are  usually 
^>uly  a  few  hundredths  or  even  thousandths  of  an  olnn.  This 
^xinsists  in  passing  a  current  through  the  armature  and  conne<.*tions 
Wkad  a  known  r^istance  (of,  say,  ^J^  ohm»,  all  conntx-teii  in  series, 
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shunt,  so  that  only  j^n"  ^^  *^®  current  passes  through  the  gal- 
vanometer, the  machine  being  entirely  disconnected.  The  keys  A 
and  B  are  closed  and  the  steady  deflection  noted.  It  is  well  to 
use  but  one  cell  of  the  battery  at  first,  and  then  increase  the  num- 
ber if  necessary  until  a  considerable  deflection  is  obtained.  The 
circuit  is  then  opened  at  the  key  B,  and  connected  by  wires  to  the 
binding-post  or  commutator  and  to  the  frame  or  shaft  of  the  ma- 
chine,  as  indicated  by  dotted  lines,  so  that  the  machine  insulation 
resistance  is  included  directly  in  the  circuit  with  the  galvanometer 
and  battery.  The  key  A  is  then  closed  and  the  deflection  noted* 
Probably  there  will  be  little  or  no  deflection,  on  account  of  the 
high  insulation  resistance;  and  the  shunt  is  changed  to  -5^,  ^,  or 
left  out  entirely  if  little  deflection  is  obtained.  In  changing  the 
shunt,  the  key  should  always  be  open,  otherwise  the  full  current  is 
thrown  on  the  galvanometer.  The  insulation  is  then  calculated  by 
the  formula: 

D  X  R  X  S 


Insulation  resistance  = 


d 


in  which  D  is  the  first  deflection  without  the  machine  beincr  con- 
nected,  and  d  the  deflection  with  the  machine  insulation  in  the  cir- 
cuit, 11  the  kuowii  high  resistance,  and  S  the  ratio  of  the  shunt. 
That  is,  if  the  shunt  is  ^Jg-  in  the  first  test,  and  ^  in  the  second, 
then  S  is  100;  and  if  the  shunt  is  out  entirely  in  the  second  test, 
S  is  1,000.  It  is  safer  to  leave  the  high  resistance  in  circuit  in 
the  second  test,  to  protect  the  galvanometer  in  case  the  insulation 
resistance  is  low.  Therefore  this  resistance  must  be  subtracted 
from  the  result  to  obtain  the  insulation  of  the  machine  itself. 

By  the  above  method  it  is  possible  to  measure  100  megohms 
or  even  more.  The  wires  and  connections  should  be  carefully 
arranged  to  avoid  any  possibility  of  contact  or  leakage,  which 
would  spoil  the  test.  If  no  deflection  is  obtained,  place  one  finger 
on  the  frame  and  one  on  the  binding-post  of  the  machine,  which 
makes  enough  leakage  to  affect  the  galvanometer  and  show  that 
the  connections  are  right,  thus  proving  that  any  poor  insulation 
will  be  indicated  if  it  exists. 

The  Voltmeter  Test  for  Insulation  Resistance  requires  a 
sensitive  high-resistance  voltmeter,  such  as  the  Weston.  Take, 
for  example,  the  150-volt  instrument,  Fig.  45,  which  usually  haa 
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about  15,000  obma  resiatance.  (A  certificate  of  the  exact  resist- 
aoce  is  pasted  inside  each  case.)  Apply  it  to  some  circuit  or 
battery,  and  nieasnre  the  voltage.      This  should  be  as  high  as 


possible — say,  100  volts.  The 
is  then  connected  into  the  cir- 
cuit, as  indicated  in  Fig.  46. 
The  deflection  of  the  voltmeter 
is  less  than  before,  in  proportion 
to  the  value  of  tlie  insulation 
resistance. 

The  insolation  is  then  found 
by  the  equation : 

DxR 
d 
which    D   is  the  tirst  and  d 


sulation  resistance  of  tht-  machine 


Iiiaulatiou  resistance  ^=  - 


Fig.  4.-). 

the  second  deflection,  and  R  the  resistancu  of  the  voltmeter.  If 
the  circuit  is  100  volts,  D  is  100;  and  if  */,  the  deflection  through 
the  insulation  resistance  of  the  machine,  is  1  divi^iion.  the  insuhi- 
tion  is  1,485,000  ohms.  Permanent  marks  indicating  anioiniU  of 
insulation  may  be  pat  on  the  voltmeter  scale.  When  making 
measarementfl,  the  voltage  should  be  the  same  us  that  einjiloved  in 
preparing  this  scale  (say,  115  voltsi.  To  calculate  the  scale  use 
this  formula: 

7—     ^1^ 
X  ^  If 

in  which  X  is  the  insulation  resistance  (1  megohm,  ^  megohm, 
etc.),  and  d  is  the  number  of  volts. opposite  which  the  ciirreri|)onil- 
iug  gradoation  is  to  be  placed  to  form  the  new  scale.  This  method 
does  not  test  very  high  resistances;  but  if  little  or  no  dedectinn  i^ 
obtained  through  the  insulation  resistance,  it  show^  tbiit  the  latter 
is  at  least  several  megohms — which  is  high  eiioiii^b  for  iriu:it 
practical  purposes. 

The  ordinary  magneto-electric  beil  may  be  u:ie«l  to  te-t  itirm- 
lation  by  simply  coanecting  one  terminal  to  the  l>indiiii;-jHisi  of 
the  machine,  and  the  other  to  the  frame  or  shaft. 

A  magneto  bell  is  rated  to  ring  from  HMXK)  to  .'Jli.O<)<ioliiii.~: 
and  if  it  does  not  riag.  it  shows  that  the  insulation  is  more  ibau 
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that  araonnt,     Thia  limit  is  altogether  too  low  for  projrr  ii 
tion  in  any  case;  and  therefore  this  it-et  is  rough,  auil  rpftlly  si 
only  whether  or  not  the  insulatioQ  is  very  poor  or  the  ir 
actually  grounded. 

Tlie  magneto  is  also  used  for  "continuity"  tests,  W  4 
mint!  whether  a  circuit  is  complete,  by  einiply  connwrtii^  tl 
lerminsis  of  the  magnt- to  to  thoeu  of  the  circuit.  If  tbe  h, 
bo  mug,  it  shows  that  the  circuit  is  complete;  if  nut,  it  imlii 
break.  An  ordinary  electric  bell  and  cell  of  battery  can  h 
in  place  of  the  inagnoto. 

Tlie  insulation   of  a  machine  should   always  be  tested] 
disraptive  strength,  with  a  current  of  at  least  doublii  tlie  B 
working  pressure,  to  see  if  it  will  "  break  down  "  or  l«  pnnC 
by  the  curnjut.     A  trausformer  motor-dynamo  wound  tn  g 
voltage  is  convenient  for  this. 


Fig.  ■10. 


Tests  of  the  resistances  of  generators  or  niotnrs  fluniMj'nf' 
perly  be  made  when  the  maebiiu-s  are  as  warTU  ;is  tliey  i;''' "'"''' 
running  continuously  at  full  load.  Tills  increases  tlm  ri'^i^''"'*''' 
of  conductors  and  decreases  the  insnlation  resistance,  init  it ;.""" 
the  actuid  working  values. 

Voltage.  Instruments  for  measuring  voli.-ige  (kiio«ii  '" 
voltnietersj  are  in  nearly  all  cases  galvauonu-tcrs  of  [■nicH'-""') 
constant  resistance.  Through  tliem  flow  currents  wliicli  ^^ 
dirwtly  jirojKirtionuI  to  the  impressed  voltages.  A  [wiritiTi'"''- 
iiected  to  tlie  moving  part  deflects  over  a  graduated  ecidi'.  -^ 
voltmeter  sliouhi  have  as  iiigh  a  resistance  as  possible— iitli'i''' 
several  thousand  ohms  —  in  order  nut  to  take  too  nincli  eiinr"" 
which  might  lower  its  reading  on  liigli-resistani-e  circuit  or  imh- 
sumo  too  much  power.  It  should  not  be  affected  by  the  iiui^'i"''- 
ism  of  a  generator  or  motor  at  any  distauco  over  a  few  feet. 


MANAGEMENT  OP  DYNAMO-ELECTRIC  MACHINERY    69 

^  ^^^^■^^^^^—  ^-^^^  — — — -• 

The  voltage  of  any  machine  or  circuit  is  tested  by  merely 
connecting  the  two  binding-posts  or  terminals  of  the  voltmeter  to 
the  two  terminals  or  conductors  of  the  machine  or  circuit.  To 
get  the  external  voltage  of  a  generator  or  motor,  the  voltmeter  is 
usually  applied  to  the  two  main  binding-posts  or  brushes  of  the 
machine.  This  external  voltage  is  what  a  generator  supplies  to 
the  circuit.  It  is  also  called  the  pole  difference  of  potential  or 
terminal  voltage,  and  is  the  actual  figure  upon  which  calculations 
of  the  eflSciency,  capacity,  etc.,  of  any  machine  are  based. 

A  generator  for  constant-potential  circuits  should,  of  course, 
give  as  nearly  as  possible  a  constant  voltage.  A  plain  shunt 
machine  usually  falls  from  5  to  15  per  cent  in  voltage  when  its 
current  is  varied  from  nothing  to  full  load.  This  is  due  to  the 
I  li  drop  caused  by  the  resistance  of  the  armature  circuit,  which 
in  turn  weakens  the  field  current  and  magnetism ;  armature 
reaction  usually  occurs  also,  and  still  further  lowers  the  external 
voltage.  This  variation  is  undesirable,  and  is  usually  avoided  by 
regulating  the  field  magnetism  (varying  the  resistance  in  the  field 
circuit)  or  by  the  use  of  com  pound -wound  generators.  A  com- 
^und-wound  dynamo  should  not  fall  appreciably  from  no  load  to 
full  load  ;  in  fact,  if  it  is  "  over-compounded  "  it  should  rise  5  per 
cent  or  more  in  voltage  to  make  up  for  loss  on  the  wiring. 

Tlie  voltage  of  a  constant-current  generator  is  not  important. 
Tlie  current  should  be  carefully  measured  by  an  ammeter,  but  little 
attention  is  paid  to  the  voltage  in  practical  working;  in  fact,  it 
changes  constantly  with  variations  in  the  load.  But  it  is  necessary, 
of  course,  to  measure  it  in  making  efficiency  or  other  exact  tests. 

A  simple  and  fairly  accurate  method  of  measuring  voltage  is 
by  means  of  ordinary  incandescent  lamps.  A  little  practice 
enables  one  to  tell  whether  a  lamp  has  its  proper  voltage  and 
Tifightness.  In  this  way  it  is  easy  to  tell  if  the  voltage  is  even  one 
or  two  per  cent  above  or  below  the  normal  point.  Voltages  less 
than  the  ordinary  can  be  tested  by  using  low- voltage  lanijis  or  by 
estimating  the  brightness  of  high -voltage  lamps.  For  example,  a 
lamp  begins  to  show  a  very  dull  red  at  one-third  and  a  bright  red 
«it  one-half  its  full  voltage.  Voltages  higher  than  that  of  one 
lamp  can  be  tested  by  using  lamps  in  series.  Thus  1,()()()  volts 
^an  be  measured  by  using  10  lamps  in  series,  and  so  on. 
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Cufrenl.     This  is  measared  br  as  aiaiueter  (  Ftg.  47i.  vioA 
is  D81I*Ut'  c)ii-tt|ii.T  tlinii   n  Tolttnuter  bt^ausci  it  coDUioj  a  rooi- 
pttrntivelj*  GiusU  amount   of  vrin.:       In   h-sting  tlie  curr^Dtoft 
geaenilor  or  motor,  it  fs  necessary  oolj  to  coooMt  aii  utimrtfr.vf 
till'  jtmjier  range,  in  series  with  tiit*  inucbine  to  be  It«tt^,  m  tkat 
tho  wholu  curn-nt  ptu^st^  tliruiigh  tlie  iDatranieDt  or   its  shiuL  ] 
To  tetit  tho  current  in  the  armatiin*  or  tlie  Held  alone,  thv  a 
IB  coauevtod  in  8«rif3  with  tlio  |)articnlar  part.     To  avoid  mist: 
iu  tlie  <a»«  of  a  shiint-wonnJ  k''"''™'*'"i  •'  "  '*^"  to  open  t 
tncto'Dal  circu_*t  i-ntin-ly  ill  (fslitjj;  tha  caireut  ased   in  the  t 
ci>ils  ;  for    tlie  saimt  nauon  t 
brushes  of  a  shunt  motor  & 
\  beniistd  bvfore  testing  tlwnir-   I 
/  root  taken  by  the  tield.*     In  •  j 
ooDstant-currfntorsLTii'S-wcKind 
dynamo,  the  same  cnrrent  flom 
ihroQgli  uH  itarts  of  tlio  luadiiw 
and  (bu  circnit;con9e<[uently  ti 
•meaenivment  of  cum-nt  is  rtrf 

simple. 

j,-j„  j-  Jr'an  amm^^r  cann»thf  h^^t 

.,<r,:„t   CHI.    U    nu.iH»r..l  hy 
inserting   a  known   reaistaiict'   in    iLa  circnit  and   measuring  tlie 
difference  of  potential  betwwn  its  ends.     The  volts  thns  iiidicAtt^, 
divided  by  the  resiatance  in  ohms,  gives  the  nnmber  of  unijuTrf 
Howing.     If  a.  known  resistance  is  nut  at  band,  the  resistance  nf  ■ 
Jiart  of  the   wim  forming  the  eirewit  t-un   be   olitaineil    fruui  its 
diameter   measured    with   a   screw  (;ali[ier  or  a  wire  gaiip-,  bj- 
referring   to   any  of   the    tables   of  resistances  of  wires;  or  Ae 
resiatance  can  bo  measured  by  a  AVbeatstone  bridge  ( Fig.  4-1.  or 
by  pnttiiig  an  ammeter,  when  one  can  l>e  spared,  into  the  circuit, 
while   ilie   voltmeter  is  connected.      The   volts   divided   !iy  tl» 
amperes  gives  the  resistanco  in  ohms  between  the  points  lo  wbich 
the  voltmeter  is  connected.      Two  connections  can   be  atlscbeJ 
permanently  to  two  points  on  the  ciri'iiit,  and  an  amiueter  tcm- 

*  These  instructiom'  are  tii  be  followed  when  only  one  aninn?tcr  is  M  ^ 
hnd;  uthPtB-ise  one  coulJ  br  pliu-eil  in  the  field  cirruil,  nnil  anolbr  in  ll* 
circuit  from  the  Htarlin);  Iwx  tu  the  iu(le[>endeiit  anualuri!  tcrsiiuul. 


I- ^  J 
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[lonirily  itiderU-d,  ami  fur  fwry  ixwliri};  of  tlio  aiium^kT  tlic 
correapoiidiiig  n-udiii^  uf  tlii<  vultmetiT  allai'hcil  tn  tlifsc  cdii. 
nt^tione  may  be  iioU'd.  Thttii,  by  ki'i'piii^H  li^tof  tliisi-  rending:!. 
the  amperes  can  l»e  found  at  any  fiitiin'  time,  liy  conni'i'tiii^  tli<> 
voltmeter  to  the  two  |}eriiiaueut  foiitacts.  Tliis  jin-liiiiiiijirv  use  uf 
the  ammeter  amounts  to  measuring  tlie  n-sifittiiii-e  1h-I\v(h'ii  tlie  two 
(."on tacts. and  allows  for  the  incn^ase  uf  ivi-istancv  wln'ir  tliu  (.-nin-iit 
and  heatinir  increase.  Tn  any  ciist^  it  In  convfnii'iit  lo  use  a  li-ni^lli 
of  win;,  or  a  distanct)  hetwwn  eoiitaetf",  wliicli  will  ifive  iui  ewii 
aiiioant  of  n^sistHuee.  say,  I-IO  or  1-1(10  iiliin,  A  ml,  as  with  larjr,. 
enm-iit  the  resistancu  will  he  fmctiunal,  eare  luiist  lie  lakcn  lo 
avoid  errors  in  multiplying,  etc. 

la  testiniT  the  output  of  a  generator,  it  is  often  quite  a  pri)l>- 
lem  to  dispose  of  the  current   pnxlni-etl.     A  bank   of  lamps,  for 


exarnple,  to  use  the  whole  current  getieialed  by  a  ilynauLo  uf'  I  U' 
volts  and  1,0()0  anipi-res,  wuuld  lie  very  e\[K-ii-iM-.  A  :;itllii-iiiit 
nnmber  of  resistance-boxeB  for  the  [iur]iosf  hduM  aUci  lif  M-i-y 
costly.  The  best  way  ia  todrivethegeueralm-by  a  mulnr.  iunl  cim- 
neet  it  up  in  parallel  with  the  line.  In  tljis  way  niosr  i.T  ibe  piwer 
is  returned  instead  of  la-iug  wawteil.  If  a  ujulur  ciiuuut  li.'  luni,  ibe 
!>implest  and  cheajjest  way  to  eonsnine  a  l;iru-i-  eiirnTii  i-  I..  [il:i<'i- 
t wo  plates  of  iron  in  a  eoninmn  tub  or  tnm^b  lill.'^l  Miib  u  wi'.ik 
eolation  of  carbonate  uf  wiKla  (enuiinnn  vviishiut;  -'"bi  <.  \Uii<'li  is 
better  than  almoiit  any  other  solutiuu   liec;iu.-e  il  iiriiin-r  L'iv- "If 

fumes  nor  e&ta  the  electrodes.     The  main  (■(imlui't'ii's  an nnerii-i 

to  the  two  plates,  reajiectively,  and  ibe  eurrenl-  ]i;i-^,-it-  iIlhiul''!  lln' 
solution.  The  re,sistanee  and  current  an-  re;.'uliiii(l  liy  \aryiiiLf  llie 
distanci- U'tween  the  plates,  tlio  deplli  tljey  are  iuimer-.-i|  in  the 
Uijuid,  and  the  strength  of  the  sohitiou.     Tiie  euertry  may  be  siif- 
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ticient  to  boil  the  liquid,  but  this  does  no  barm.  Three  to  ten 
amperes  per  square  inch  of  active  surface  of  plate  may  be  allowed. 

Speed.  This  13  usually  measured  by  the  well-known  speed 
counter  (Fig.  48),  consisting  of  a  small  spindle  which  turns  a 
wheel  one  tooth  each  time  it  revolves.  The  point  of  the  spindle 
is  held  against  the  center  of  the  shaft  of  the  generator  or  motor 
for  a  certain  time,  say,  one  minute  or  one-half  minute,  and  the 
number  of  revolutions  is  read  off  from  the  position  of  the  wheel. 

Another  instrument  for  testing  the  number  of  revolutions 
per  minute  is  the  tachometer.  The  stationary  form  of  this  instru- 
ment i3  shown  in  Fig.  4't.     It  must  be  belted  by  a  string,  ta|>e,  or 


light  leatli.-r  b.-lt  to  the  iniichine  the  s|H-cd  of  which  is  to  Iw  tested. 
If  the  Bizerf  of  the  jdillcya  are  not  the  saine,  their  B|H'ed8  are 
inversely  proportional  to  their  dianieti-rs.  The  portable  form  of 
this  instnimi'iit  (Fig-  50)  is  applied  directlv  to  the  end  of  the 
shaft  of  the  itKichirie,  like  tiie  S[K'ed  counter.  The  tip  can  be 
sli]i[)cd  upon  cither  one  of  the  three  spindles,  which  are  geared 
together,  according  as  the  speed  U  ne:ir  -jDO,  l.OOD,  or  2,0lll)  revo- 
lutions. These  instruments  possess  the  grt^at  advantage  over  the 
spewl  counter  that  tliey  instantly  jwint  on  the  dial  to  the  proper 
Biteed,  and  they  do  not  require  to  bo  timed  fur  a  certain  jieriod, 

A  simple  way  to  test  tlie  8]H'ed   in   revolutions  [jer  minute  is 
to  make  a  largo  black  or  white  mark  on  the  belt  of  a  machine,  and 
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Oleiow  many  times  tlie  mark  passes  per  miniite  ;  tlie  length  of 
'fle  tielt  divided   by  the  circiiniferencs  of  tha  pulley  gives  the 
'^fimhtr  of  revolutions  of  the  pulley  for  each  time  the  mark  passes. 
■Hie  number  of  revelations  of  the  pulley  to  one  of  the  belt  can 
*Im  be  easily  determined  by  slowly  turning  the  pulley  or  pulling 
toe  belt  nntil  the  latter  makes  one  complete  trip  around,  at  the 
June  time  counting  the  revolutions  of  the  pulley.     If  the  machine 
has  no  belt,  it  can  l>e  supplied  with  one  temporarily  for  the  pur- 
pose of  the  test,  a  piece  of  ta[>e  with  a  knot  or  an  ink  mark  Iwing 
(officient.     Care  should  he  taken  in  all  these  testa  of  B[tee<l  with 
belts  not  to  allow  any  slip  ;  for  example,  in  the  case  of  the  ta|H! 
belt  jnst   referred  to,  this   belt  should   pass  around   the  pulley 


Fig.  50. 
of   the  machine  and  some  light  wheel  of  wood  or  metal   which 
torna  so  easily  as  not  to  cause  any  slip  of  the  lielt  on  the  pulley 
uf  the  machine. 

Torque  or  Pull  is  measured  iu  the  case  of  a  iniitor  hy  the  use 
of  a  Prony  brake.  This  consists  of  a  lever  LL  of  woi>d.  clii!ri[H-d 
on  the  pulley  of  the  machine  to  tie  tested,  as  indicatcil  in  Fig  51. 
The  pressure  of  the  screws  SS  is  then  adjusted  hy  the  wing-nuts 
UQtil  the  friction  of  the  clamp  on  the  pulley  is  sufKi-ii-nt  to  cause 
the  motor  to  take  a  given  current,  and  the  speed  is  linn  noted. 
I'snallv,  the  maximum  torque  or  jmll  is  the  most  imjiortjint  to 
test;  and  this  is  obtained  in  the  case  of  a  constant -{totentiii!  ujotur 
\t\  tightening  the  screws  SS  until  the  motor  draws  its  full  current 
as  indicated  bv  in  ammeter.  What  the  full  current  should  1«',  is 
usually  markwl  on  the  name-plate  ;  if  not,  it  )uay  he  assitmeil  to 
l>e  about  8  amperes  per  II.  P.  for  110-volt  motors,  4  amjx^rfs  jrt 
II.  P.  for  220-voU,  and  1  3-4  ami)eres  jK-r  IT.  P.  for  yOO-volt 
motors.  If  the  machine  is  rated  in  kilowatts,  the  full  current  iu 
amperes  can  be  fonnd  by  multiplying  by  1,000  and  dividing  by 
the  Vfdtacre  of  the  machine.     The  tun^uu  or  pull  is  measnrt^   by 
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known  weights,  or  more  conveniently  by  a  spring  balance  P.  I 
desired,  the  test  may  also  be  made  at  three-quarters,  one-half,  o* 
any  other  fraction  of  the  full  current. 

The  torque  or  pull  in  pounds  which  should  be  obtained,  can 
also  be  calculated  from  the  power  at  which  the  machine  is  rated, 
by  the  formula  ; 

Torque  =  H>  P>  X  33,000 

^  6.28  X  S      ' 

in  which  II.  P.  is  the  horse-power  of  the  machine  at  full  load, 
and  S  is  the  speed  of  the  machine  in  revolutions  per  minute  at 
full  load.  Torque  is  given  at  unit  radius,  commouly  pounds  at 
one  foot.  The  pull  at  any  other  radius  is  converted  into  torque 
by  multiplying  by  the  radius;  1,  2,  and  4  ft.  are  convenient 
radii  or  lengths  of  lever  for  measuring  pull.  One  II.  P.  produced 
at  a  speed  of  1,000  revolutions  requires  a  pull  of  5.25  pounds  at 

end  of  1-foot  lever;  at  500  revo- 
lutions,  twice  as  much;  at  2,000 
revolutions  half  as  much;  and  so 
on.  If  the  lever  is  4  feet,  the 
pull  is  one- fourth  as  much,  etc. 
The  Torque  of  a  Qenerator, 
that  is,  the  power  recjuired  to 
drive  it,  is  very  conveniently  dt*- 
terniiued  by  operating  it  as  a 
motor,  and  testing  it  by  the 
l^^'g-  ^^'  Prony  brake  as  described  above, 

the  tonjue  of  a  generator  being  practically  equal  to  tliat  of  a  motor 
under  similar  conditions. 

Power.     The  electrical  power  of  a  generator  or  motor  is  founcL 
by  testinop  the  volta<xe  and  current  at  the  terminals  of  the  machine- 
as  already  descril)ed,  and  multiplying  the  two  together,  which  give=  - 
the  electrical  power  of  the  machine  in  w^atts.*  Watts  are  converte<-*— ^ 
into    horse-power   by   dividing    by    740,    and  into    kilowatts    b  ^lj 
dividin<r  by  1.000. 

The  mechanical  power  of  a  generator  or  motor,  that  is,  tl 


*In  testing  an  alternating-current  machine,  a  wattmeter  should  be  er 
ployed  instead  of  a  voltmeter  and  an  ammeter,  as  explained  later. 
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rK)wer  required  for  or  developed  by  it,  is  found  by  multiplying  its 
f>nll  by  its  speed  and  by  the  circumference  on  which  the  pull  is 
tKieasnred,  and  dividing  by  33,000.     That  is, 

P  X  S  X  6.28  X  R 
Ilorse-power  = ^^^ , 

in  which  P  is  the  pull  in  pounds,  S  the  speed  in  revolutions  per 
tninnte,  and  R  the  radius  in  feet  at  which  P  is  measured. 

Efficiency.  This  is  determined  in  the  case  of  a  generator  by 
dividing  the  electrical  power  generated  by  it  by  the  mechanical 
power  required  to  drive  it ;  that  is, 

^  „  .  -  ^  Electrical  power 

hinciency  or  generator  =  ^rr — ^ ; — r= 

•^        ^  Mechanical  power 

The  efficiency  of  a  motor  is  the  mechanical  power  developed 
by  it,  divided  by  the  electrical  power  supplied  to  it ;  that  is, 

.,^„  .  ,  Mechanical  power 

hmciencv  or  motor  =  -ytj -. — t-^ . 

•^  Llectncal  power 

These  are  the  actual  or  commercial  efficiencies  of  these  ma- 
chines, and  should  be  at  least  90  per  cent  at  rated  load  in  machines 
of  10  II.  P.  and  over. 

The  so-called  ''electrical  efficiency"  is  misleading  and  of 
little  practical  importance,  and  should  not  be  considered  in  com- 
mercial  work.  The  mechanical  and  electrical  power  in  the  above 
equations  are  determined  as  already  explained. 

It  is  usually  more  convenient  to  test  the  efficiency  of  a  gen- 
erator by  testing  it  as  a  motor  with  a  Prony  brake.  But  the 
efficiency  of  a  generator  may  be  determined  very  easily  by  driving 
it  with  a  calibrated  electric  motor,  that  is,  one  in  which  the  power 
developed  for  any  given  number  of  volts  and  amperes  consumed 
is  known.  Then  it  is  only  necessary  to  measure  the  watts  sup- 
plied by  the  generator  when  the  motor  is  running  at  a  certain 
power,  and  the  efficiency  of  the  generator  is  the  watts  -^  tfte 
inoicn  jxncer. 

Another  method  is  to  employ  two  identical  machines,  one 
ttsed  as  a  motor  driving  the  other  as  a  generator.  The  shafts  of 
the  two  machines  should  be  directly  connected  by  some  form  of 
^npling ;  a  belt  may  be  used,  but  its  friction  would  cause  a 
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small  loss.  The  watts  produced  by  the  generator,  divided  by  the 
watts  consumed  by  the  motor,  is  the  combined  efficiency  of  the 
two  machines ;  and  the  efficiency  of  each  is  the  square  root  of  that 
fraction.  For  example,  if  the  combined  efficiency  is  .81,  then 
that  of  each  machine  is  .90,  since  .90  X  .90  =  .81.  This 
assumes  that  the  two  efficiencies  are  equal,  which  is  sufficiently 
correct  if  the  machines  are  exactly  alike.  The  current  from  the 
generator  may  be  used  to  help  feed  the  motor,  and  then  only  the 
difference  in  current  need  be  supplied.  This  latter  current  repre- 
sents the  inefficiency  or  losses  from  friction,  etc.,  in  both  machines. 

To  test  in  this  way,  connect  both  machines  in  parallel  with 
the  source  of  current;  couple  or  belt  them  together;  and  then 
weaken  the  field,  or  shift  the  brushes  of  the  machine  which  is  to 
be  used  as  a  motor,  so  that  it  will  speed  up  and  drive  the  other 
as  a  dynamo,  or  cause  it  to  drive  the  other  by  putting  a  large  pul- 
ley on  it.  In  this  way  the  motor  will  consume  current  from  the 
circuit  while  the  generator  yields  current  to  the  circuit.  Both 
currents  are  measured  and  the  efficiencies  calculated. 

The  efficiency  of  a  motor -generator  or  ordinary  converter  is 
very  easily  determined  by  simply  measuring  the  input  and  out- 
put ill  watts  (by  wattmeters  or  by  ammeters  and  voltmeters  for 
direct  currents),  and  dividing  the  latter  by  the  former. 

These  electrical  methods  of  testing  are  j)referable  to  mechan- 
ical,  for  the  reason  that  the  volts  and  amperes  can  be  easily 
and  accurately  measured,  and  their  ])roduct  gives  the  power  in 
watts. "^  Mechanical  measurements  of  power  by  dvnamometer  or 
other  means  are  difficult,  and  usually  not  very  accurate. 

Separation  of  Losses,  The  total  losses  in  a  generator  or 
motor,  except  that  caused  by  the  electrical  resistance  of  the  arma- 
ture when  carrying  the  full  current,  can  be  closely  determined  at 
once  by  noting  the  current  required  to  run  the  machine  free  as  a 
motor.  In  a  machine  of  90  per  cent  efficiency,  this  should  not  amount 
to  more  than  about  8  per  cent  of  the  current  required  to  give 
rated  power.  Consequently  the  easiest  w^ay  to  test  a  machine  is 
to  run  it  as  a  motor  without  load. 

The  various  losses  of  power  that  occur  in  a  generator  or  motor 
may  be  determined  and  separated  from  each  other  as  follows: 

*  When  altornating-curront  machinery  is  being  tested  us©  wattmeters 
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Take  a  generator,  for  example,  and  drive  it  with  another 
machine  used  as  a  motor  in  the  manner  described  for  testing  fric- 
tion. The  motor  should  previously  be  calibrated,  that  is,  tested 
to  determine  the  exact  mechanical  power  it  develops  for  each 
amount  of  electrical  power  in  watts  supplied  to  it,  as  described 
for  testing  efficiency.  A  simple,  shunt-wound  motor  on  a  con- 
stant-potential circuit  is  best  suited  to  the  purpose.  The  gener- 
ator is  first  driven  at  normal  speed  with  no  field  magnetism  and 
with  the  brushes  lifted;  then  the  actual  power  developed  by  the 
motor  equals  the  power  lost  in  the  generator  by  the  friction  of 
bearings  and  Mt.  The  brushes  are  then  adjusted  in  contact  with 
the  commutator,  with  the  usual  pressure.  The  increase  in  the 
power  of  the  motor  is  equal  to  the  brush  friction. 

Finally,  excite  the  field  magnet  to  full  strength,  and  the  in- 
crease in  the  power  exerted  by  the  motor  is  equal  to  the  combined 
losses  due  to  the  Foucault  or  eddy  currents  and  hysteresis  in  the 
iron  core  of  the  armature,  provided  there  is  no  considerable  side 
pull  on  the  armature.  The  power  wasted  in  Foucault  currents 
varies  as  the  square  of  the  sj)eed,  while  the  hysteretic  loss  is  only 
directly  proportional  to  speed;  hence  the  two  may  be  separated  by 
testing  the  machine  at  different  speeds. 

For  example,  let  us  call  x  and  y  the  losses  due  to  hysteresis 
and  Foucault  currents,  respectively,  at  full  speed ;  A  the  power 
consumed  by  both  at  full  speed;  and  B  the  power  consumed  at 

lialf  speed.     Then  A  =  a*  -f  y,  and  B    =  ___l-^;   hence,  by 

eliminating  x^  we  have  y  =  2 A  --IB.  That  is  the  Foucault  loss 
is  twice  the  power  consumed  by  both  at  full  speed  minus  four 
^imes  the  power  consumed  by  both  at  half  speed.  The  hyster- 
^»is  loss  =  A  -  y.  If  eddy  currents  are  developed  in  the  copper 
^^nductors  of  the  armature,  they  will  increase  the  apparent 
foucault  loss  as  determined  by  the  above  test,  since  thev  also 
'^ary  as  the  square  of  the  speed.  The  jKJwer  wasu^l  ]»y  eddy  cur- 
^lents  mi^i  be  found  by  testing  the  armature  without  any  con<lue- 
^ors  upon  it.  This  could  be  done  only  before  the  armature  is 
"Unround  or  by  unwinding  it,  neither  of  which  is  practicable  except 
^n  the  place  where  it  is  made.  Ordinarily,  however,  eddy  currents 
the  coodactors  do  not  amount  to  much  unless  they  are  very 
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large,  and  even  then  the  use  of  stranded  conductors  or  conductors 
embedded  in  slots  in  the  iron  core  largely  overcomes  the  trouble. 

Friction  of  the  air  might  also  increase  the  apparent  Foucault 
loss;  but  it  usually  causes  only  a  very  small  loss,  and  is  almost 
impossible  to  separate  except  by  running  the  machine  in  a  vacuum, 
which  is,  of  course,  impracticable.  The  other  losses  are  quite  easily 
measured  and  separated,  as  follows  : 

The  number  of  watts  used  in  the  field  can  be  measured  by  a 

voltmeter  and  ammeter,  or  it  can  be  calculated  by  the  formula  : 

E' 
"Watts  ==   -^  =  VH  =  EI,  in  which  E  is  the  voltage,  R  the 

resistance,  and  I  the  current.  It  is  sufficient  if  any  of  these  two 
quantities  are  known.  The  loss  in  the  armature  conductors,  due 
to  ohmic  resistance  is  found  by  multiplying  the  square  of  the 
current  in  the  armature  at  full  load  by  the  armature  resistance;  in 
fact,  this  is  usually  called  the  "  PR  loss."  This  should  not  be 
more  than  1  to  3  per  cent  in  a  constant- potential  generator  or 
motor,  whether  it  be  alternating-or  direct -current.  The  sum  of 
all  the  losses  make  up  the  difference  between  the  total  power  con- 
8ume<;l  by  the  machine  and  the  useful  power  that  it  develops. 

The  ordinary  values  of  the  various  losses  in  a  good  generator 
or  motor  of  25  II.  P.  are  approximately  as  follows  : 

Useful  power  developed about  92  per  cent 

Used  in  magnetizing  field about  1  to  2  " 

Loss  in  armature  resistance  (I^R). . .     "       1  to  2  " 

Friction  of  bearings about  2  " 

Friction  of  brushes "         >2  " 

Friction  of  air "         ^i  " 

Hysteresis  in  armature  ct)re "       llz  " 

Foucault  currents  in  armature  core "       1}4  " 

Measurement  of  Pov^^er  in  A.  C.  Circuits.  In  circuits  car- 
rvinf'  alternatincr  currents  and  havinor  some  inductive  load  either 
in  the  form  of  motors  or  arc  lamps  or  a  partly  loaded  transformer, 
etc.,  the  ordinary  method  of  determining  the  power,  by  voltmeter 
and  ammeter  measurements,  is  not  applicable,  as  the  current  is 
seldom  in  phase  with  the  E.  M.  F.,  and  therefore  the  product  volts 
X  am  per  CM  is  not  the  true  power. 

There  are  several  means  for  determining  the  true  power  of 
an  A.  0.  circuit,  the  simplest  being  an  indicating  wattmeter.     A 


AOA. 
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wattmeter  is  an  electro-dynamometer  provided  with  two  coils,  a 
fixed  one  of  coarse  wire,  the  other  movable  and  of  fine  wire.  This 
movable  coil  is  connected  in  series  with  a  large  non-inductive 
reeistance,  so  that  the  time-constant  of  the  fine-wire  circuit  is 

extremely  small;  and  hence  its 
impedance  is  practically  equal  to 
its  resistance;  the  current  in,  and 
resulting  field  of,  the  fine-wire 
coil  will  under  these  conditions 
be  practically  in  phase  with  the 
potential  difference  across  its 
terminals.  The  field  produced 
by  the  coarse- wire  coil  is  directly 
proportional  to  the  current  flow- 
ing through  it  at  any  instant.  Hence,  the  couple  acting  on  the  fine- 
wire  coil  is  proportional  at  a  given  instant  to  the  product  of  these 
fields;  so  that  the  reading  of  the  instrument,  which  depends  on 
the  mean  value  of  the  couple,  will  be  proportional  to  the  mean 
power,  and,  by  providing  the  instrument  with  the  proper  scale, 
it  can  be  made  to  read  directly  in  watts. 


Motor 


Fig.  53. 


In  Fig.  52,  A  1>  represents  an  indnctive  load — say,  a  single- 
phase  motor — of  which  the  power  input  is  to  be  determined;  C  D 
the  terminals  of  the  thick-wire  coil  (current-coil)  of  the  wattmeter; 
and  E  F  the  pressure-coil  terminals.  When  connected  as  above 
indicated,  the  wattmeter  indicates  directly  the  power  in  watts  sup- 
plied. In  the  case  of  a  two-phase  system,  where  the  two  circuits 
are  independent,  the  power  may  be  measured  by  placing  a  watt- 
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meter  in  each  phase,  as  shown  in  Fig.  52,  and  adding  the  two 
readings.  If  the  motor  be  connected  up  as  shown  in  Fig.  53,  * 
where  A  B  forms  a  common  return,  the  wattmeters  are  placed  as 
indicated,  care  hc'uuj  taken  to  place  the  current'Coils  in  the  out^ 


Fig.  54a. 


Fi^.  546. 

AvVA   nui'nis:  ami    tlio   powvr  supplird   is  (Njiial   to  th(i  sutii  of  tlif 
two  wuttnu'trr  rra<lin(»-s. 

Tilt*  power  of  a  balaiu-ccl   or   un])alan(HMl   three-pliase  system 
can    be   (letenniiied    hy   the   list-   of   twt)    wattmeters   connected   as 

*  TJiis  form  of  foiintH'tion  is  iKx*<sibh»  only  when  the  generator  ha.s  two 
independent  windings,  ^i.    for  each  phtLse. 
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shown  in  Fig.  54,  a  and  h.  The  current-carrying  coils  are  placed 
in  series  with  two  of  the  wires,  and  the  pressure-coil  respectively 
connected  between  these  two  mains  and  the  third   wire.    The 

algebraic  sura  of  these  two  watt- 
meter readings  gives  the  true  power 
supplied.     When  the  power  factor  of 

—\  the  system  is  less  than  .5,  one  of  the 

^^-     rf^   wattmeters  will  read  negatively      It 
.--SU^        is   sometimes  difficult  to  determine 


i 


Fig.  55. 


whether  the  smaller  readings  are  neg- 
ative or  not.     If  in  doubt,  give  the 
wattmeter  a  separate  load  of  incandes- 
cent lamps,  and  make  the  connections 
such  that  both  instruments  deflect  pro[)erly;  then  reconnect  them 
to  the  load  to  be  measured.     If  the  terminals  of  one  instrument 
have  to  be  reversed,  the  readings  of  that  wattmeter  are  negative. 

1 


aiiflSJiMii 


Fig.  56. 

To  measure  the  power  of  a  balanced  4- wire  3  phase  system, 
one  wattmeter  may  be  connected  as  shown  in  Fig.  55,  and  the 
wattmeter  reading  multiplied  by  3.  Usually,  however,  a  4- wire 
S.phase  system  is  unbalanced;  and  to  determine  the  [)Ower  sup- 
plied under  this  condition,  three  wattmeters  should  be  emj>loyed, 
one  for  each  phase,  the  power  supplied  l>eing  equal  to  the  algebra- 
ic  Bom  of  all  three  readings. 
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It  is  obvious  that  in  any  of  the  above  instances  one  wattmeter 
could  be  employed,  provided  the  necessary  switches  are  furnished. 
Assuming,  for  example,  the  3-phase  S-wire  case,  one  wattmeter 
would  require  switch  connections  as  shown  in  Fig.  56.  A  is  a 
double-pole  switch,  which,  when  thrown  to  the  left,  places  the 
current-coil  of  the  wattmeter  in  series  with  the  conductor  of  No.  I, 
and,  when  thrown  to  the  right,  places  it  in  series  with  No.  III. 
Similarly,  switch  B  changes  the  pressure  terminals  from  between 
I  and  II  to  III  and  II;  while  switches  C  and  D  are  short-circuit- 
ing  switches,  one  of  which  is  closed  previous  to  removing  the 
current-coil  from  one  phase  to  the  other,  and  the  other  one  opened 
after  the  coil  is  in  position  as  indicated. 

LOCALIZATION  AND  REHEDY  OF  TROUBLES. 

The  promptness  and  ease  with  which  any  accident  or  difficulty 
with  electrical  machinery  can  be  dealt  with,  will  always  have 
much  to  do  with  the  success  of  a  plant.  The  following  list  of 
troubles,  symptoms,  and  remedies  for  the  various  types  and  sizes 
of  dynamos  and  motors  in  common  use,  has  been  prepared  to 
fjicilitate  the  detection  and  elimination  of  such  difficulties. 

It  is  evident  that  the  subject  is  somewhat  complicah^d  and 
difficult  to  handle  in  a  general  way,  since  so  much  dej)end3  upon 
the  particular  conditions  in  any  given  case,  every  one  of  which 
must  be  included  in  the  table  in  such  a  way  as  to  distinguish  it 
from  all  others  Kevertheless,  it  is  remarkable  how  much  can  be 
covered  by  a  systematic  statement  of  the  matter,  and  nearly  all 
cases  of  trouble  most  likely  to  occur  are  covered  by  the  table,  so 
that  the  detection  and  remedy  of  the  defect  will  result  from  a 
proper  application  of  the  rules  given. 

It  fn^juently  happejis  that  a  trifling  oversight,  such  as  allow- 
ing a  wire  to  slip  out  of  a  binding-post,  will  cause  as  much 
annoyance  and  delay  in  the  use  of  electrical  machinery  as  the  most 
serious  accident.  Other  troubles,  equally  simple  but  not  so 
easily  detected,  are  of  frequent  occurrence. 

The  rules  are  ma<le,  as  far  as  possible,  self-explanatory,  but 
a  statement  of  the  general  plan  followed  and  its  most  important 
features  will  facilitate  the  understanding  and  use  of  the  table. 
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USE  OF  THE  TABLE  OF  TROUBLES. 

In  the  use  of  this  table,  the  principal  object  should  be  to 
separate  clearly  the  various  causes  and  effects  from  one  another. 
A  careful  and  thorough  examination  should  first  be  made;  and, 
as  far  as  possible,  one  should  be  perfectly  sure  of  the  facts,  rather 
than  attempt  to  guess  what  they  are  and  jump  at  conclusions.  Of 
course,  general  precautions  and  preventive  measures  should  be 
taken  before  any  troubles  occur,  if  possible,  rather  than  to  wait 
until  a  difficulty  has  arisen.  For  example,  one  should  see  that 
the  machine  is  not  overloaded  or  running  at  too  high  voltage,  and 
should  make  sure  that  the  oil -cups  are  not  empty.  Neglect  and 
carelessness  with  any  machine  are  usually  and  deservedly  followed 
by  accidents  of  some  sort.  It  is  usually  wise  to  stop  the  ma- 
chine when  any  trouble  manifests  itself,  even  though  it  does 
not  seem  to  be  very  serious.  It  is  often  practically  impos- 
sible to  shut  down;  but  even  then,  spare  apparatus  should  be 
ready.  The  continued  use  of  defective  machinery  is  a  common 
but  very  objectionable  practice. 

The  general  plan   of  the  taoie  is  to  divide  all  troubles  that 

may  occur  to  generators  or  motors,  into  ten  classes,  the  headings 

of  which  are  the  ten  most  important  and  obvious  bad  effects  pro- 

duced  in  these  machines,  viz,: 

I.  Sparking:  at  Commutator. 

II.  Heatlns:  of  Commutator  and  Brushes. 

III.  Heatins:  of  Armature. 

IV.  Heatlns:  of  Field  Mas:nets. 
V.  Heating  of  Bearings. 

VI.  Noisy  Operation. 

VII.  Speed  not  right. 

VIII.  Motor  stops  or  falls  to  start. 

IX.  Dynamo  fails  to  generate. 

X.  Voltage  not  right. 

Any  one  of  these  general  effects  is  evident,  even  to  the  casual 
observer,  and  still  more  so  to  any  person  making  a  careful  ex- 
amination; hence  nine-tenths  of  the  jx)ssible  cases  can  be  elimin- 
ated immediately. 

The  next  step  is  to  find  out  which  parti'^ular  one  of  the  eight 
or  ten  causes  in  this  class  is  responsible  for  the  trouble.  This 
requires  more  careful  examination,  but  nevertheless  can  l>e  done 
with  comparative  ease  in  most  cases.     One  cause  may  produce 
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two  effects,  and,  m<*e  versa,,  one  effect  may  be  produced  by  two 
causes;  but  the  table  is  arranged  to  cover  this  fact  as  far  as 
possible.  In  a  complicated  or  diflScult  case  it  is  well  to  read 
through  the  entire  table  and  note  what  causes  can  possibly  apply- 
Generally  there  will  not  be  more  than  two  or  three;  and  the  par- 
ticular  one  can  be  picked  out  by  following  the  directions,  which 
show  how  each  case  may  be  distinguished  from  any  other. 

I.    SPARKING  AT  THE  COMMUTATOR. 

This  is  one  of  the  most  common  of  troubles,  being  often  quite 
serious  because  it  burns  and  cuts  the  commutator  and  brushes,  at  the 
same  time  producing  heat  that  may  spread  to  and  injure  the  arma- 
ture or  bearings.  Any  machine  having  a  commutator  is  liable  to  it, 
including  practically  all  direct -current  and  some  alternating-cur- 
rent machines.  The  latter  usually  have  continuous  collecting 
rings  not  likely  to  8j)ark;  but  self-exciting  or  composite-wound 
alternators,  rotary  converters,  and  some  alternating-current  motors 
have  supplementary  direct-current  commutators.  A  certain 
amount  of  sparking  occurs  normally  in  most  constant-current 
dynamos  for  arc  lighting,  where  it  is  not  very  objectionable,  since 
the  machines  are  desit^ned  to  stand  it  and  the  current  is  small. 

Caisp:  1.  Armature  carrying  too  much  current,  due  to  (</) 
overload  (for  example,  too  many  lamps  fed  by  dynamo,  or  too 
much  mechanical  work  done  by  motor;  a  short  circuit,  leak,  or 
ground  on  the  line  may  also  have  the  effect  of  overloading  a 
dynamo);  (/>»)  excessive  voltage  on  a  constant-potential  circuit,  or 
excessive  amperes  on  a  constant-current  circuit.  In  the  case  of  a 
motor,  any  friction,  such  as  armature  striking  pole  pieces,  or  a 
shaft  not  turning  freely,  may  have  the  same  effect  as  overload. 

Symptom.  AVhole  armature  becomes  overheated,  and  belt  (if 
any)  becomes  very  tight  on  tension  side,  sometimes  squeaking 
because  of  slipping  on  pulley.  Overload  due  to  friction  is  de- 
tected by  stopping  the  machine,  and  then  turning  it  slowly  by 
hand.     (See  V  and  YI,  2.) 

Rkmkdy.  (</)  lleduce  the  load;  or  eliminate  the  short  cir- 
cuit, leak,  or  ground  on  the  line;  (i)  decrease  size  of  driving 
pulley,  or  (c)  increase  size  of  driven  pulley;  [<1)  decrease  magnetic 
strength  of  field  in  the  case  of  a  dynamo,  or  increase  it  in  the  case 
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of  a  motor.  If  excess  of  current  cannot  satisfactorily  be  o 
in  nay  of  the  above  ways,  it  will  be  necessary  to  change  the 
machine  or  its  winding.  Overload  due  to  friction  is  eliminated 
as  described  under  V  and  VI,  2. 

If  the  starting  or  regulating  rheostat  of  a  motor  has  too 
little  resistance,  it  will  cause  the  motor  to  start  too  suddenly  and 
to  spark  badly  at  first.  The  only  remedy  is  more  resistance  in  the 
box. 

Brushes  not  set  at  the  neutral  point. 

Sparking  varied    by   shifting   the    brushes  with 

Carefully   shift    brushes   backwards   or   forwards 


Cacse  2, 
Stjiptom. 
rocker- arm. 
Remedy. 


until  sparking  la  reduced  to  a  miuimum.     This  can  be  dune  by 


Fig.  57. 


Fig.  58. 


FiR,  w. 

j)Oaition, 


eimplv  moving  the  rocker-arm.  If  only  slightly  out  of  | 
heating  alone  may  result,  without  disarrangement  lieing  Imd 
enough  to  show  sparking.  If  the  brushes  are  not  exactly  op{H)site 
in  a  bipolar,  00'  ajmrt  in  a  four-])ole  machine,  and  so  on,  they 
ehonld  be  made  so,  the  pro|)er  points  of  contact  Ix'ing  determined 
by  coanting  the  commutator-liars  or  by  careful  int-asun^nient. 

The  nana!  position  for  brushes  is  opi«)site  the  sjiaces  Iwtween 
the  pole  pieces,  but  in  some  niathineri  they  must  IhJ  set  in  line 
with  centers  of  pole  pieces  or  at  some  other  point.  If  the  brnshea 
are  set  exactly  wrong,  this  will  eanne  a  ilynamo  to  fail  to  generate, 
and  a  motor  to  fail  to  start,  and  will  blow  the  fnse  or  ojN-n  the 
circuit- breaker.     (See  IX,  ti.) 

Cacsb  3.  Commutator  rouKh,  eccentric,  or  has  one  or 
more  "high  bar*  "  projecting  U-yond  the  others,  or  one  or  more 


flat  bars,  fomiiioiily  eallfd  flats,   or  proiectlns  mica,  uiy  I'Df  i>l 

which  oaasea  the  brushes  to  vihmte  or  to  be  actDnlljr  dimwiiMi 
of  contact  with  tliti  coiiiuiiitator  (Figs,  hb  ami  51t).  U ad  loirs 
betwwn  the  bars,  wliich  does  not  wear  as  rajiidty  as  th*  «^«'r. 
will  prevent  good  contact  or  thniw  brutjLeB  off. 

Symii.iu.  Note  whether  there  is  a  ghizt>  or  |ifi)idii]ii  t!i( 
com  mutator,  which  shows  smootli  working;  ttitn-U  rvntlving  mi™ 
mutator  with  tip  of  linger  ntiil,  and  the  leaat  roughneea  b  fD-'rvrj^ 
tibU*;  or  feel  brushes  to  see  if  tliero  lo  any  jar.  If  tii9  murbin" 
rnu3  at  high  voltage  (over  250).  the  commutalitr  nr  lmi»hii- 
should  l)o  touched  with  a  stick  or  tjiiiU  to  hvuii)  dangrrnfiWl 
III  ihe  case  of  an  eccentric  commutator,  careful  ejnunin»tiui] 
shows  u  rise  and  fall  of  the 
lirusL  when  the  coiiirautator 
turns  slowly,  or  a  chattering 
of  brush  when  it  is  running 
fast.  Sometimes,  by  sighting 
in  line  with  brush  contact,  one 
can  Bee  daylight  between  com- 
mutator and  bnish,  owing  to 
brush  jumping  up  and  down. 
"RrMKDv.  Smooth  the  COTii- 
iimliitor  wilh  !i  tine  file  or  fiiir 
Kiiiiilpaper,  which  should  be 
ajiplied  on  a  bltx-kof  wood  that 
exiiftly  fits  the  commutator 
1  liciiiir  fiiri'ful  to  remove  any 
siinil  rciiiainini^  afterward;  and  never  »■ 


Fig.  m. 


■I/).  1  f  coniranwi*'^ 
nCrio,  the  armature  should  be  taken  out  and  pi" 
ill  11  hiihr,  iuid  the  ciimmutator  turned  off.  I^arge  machinea  oflf" 
have  a  slide-rest  attachment  (tig.  '>0),  so  that  the  commutatorcs" 
be  tiirnvd  off  witiiout  removing  the  armature.  This  is  clasped  on 
tlu'  pillow-lilock  after  removing  the  rocker-arm. 

For  turning  oil  a  commutator,  a  diamond -pointed  tool  should 
bo  UHi'd,  Ibiri  ln'ing  better  than  either  a  round  or  square  end.  1- 
shoulil  liiivu  a  very  sharp  and  smooth  edge;  and  only  a  fine  cut 
.sliduld  be  laki-n  olF  each  time  in  order  to  avoid  catching  in  or  tear- 
ing the  eojiper,  wiiicli  h  very  tough.     The  surface  is  then  fiiiishi-J 
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by  applying  a  "dead  smooth  "  file  while  the  commutator  revolves 
rapidly  in  the  lathe.  Any  particles  of  copper  should  then  be 
carefully  removed  from  between  the  bars. 

To  have  the  commutator  wear  smooth  and  work  \vell,  it  is 
desirable  to  have  the  armature  shaft  move  freely  back  and  forth 
about  an  eighth  of  an  inch  in  the  bearings  while  it  is  running.  A 
commutator  should  have  a  glaze  of  a  brown  or  bronze  color. 
A  very  bright  or  scraped  appearance  does  not  indicate  the  best 
condition.  Sometimes  a  very  little  vaseline  or  a  drop  of  oil  may 
be  applied  to  a  commutator  that  is  rough.  Too  much  oil  is  very 
bad,  and  causes  the  following  trouble: 

Cause  4.     Brushes  make  poor  contact  with  commutator. 

Symptom.  Close  examination  shows  that  brushes  touch  only 
at  one  corner,  or  only  in  front  or  behind,  or  there  is  dirt  on  sur- 
face of  contact.  Sometimes,  owing  to  the  presence  of  too  much  oil 
or  from  other  cause,  the  brushes  and  commutator  become  very 
dirty,  and  covered  with  smut* 
They  should  then  be  carefully 
cleaned  by  wiping  with  oily  rag 
or  benzine,  or  by  other  means. 

Occasionally  a  "  glass-hard  " 
carbon  brush  is  met  with.  It  is 
incapable  of  wearing  to  a  good 
seat  or  contact,  and  will  touch  at 
only  one  or  two  points.     Some  Pig.  oi. 

carbon  brushes  are  of  abnormally 

high  resistance,  so  that  they  do  not  make  good  contact.  In  such 
cases  new  brushes  should  be  substituted. 

Kemedy.  Carefully  fit,  ad  just,  or  clean  brurflies  until  th(»y  rest 
evenly  on  commutator,  with  considerable  surface  of  contact  and  with 
sure  but  not  too  heavy  pressure.  Copper  l)rushes  reijuire  a  regular 
brush  jig  (Fig.  61).  Carbon  brushes  can  l)e  fitted  j)erfectly  l>y  draw- 
ing  a  strip  of  sandpaper  back  and  forth  Ix^tween  them  and  the  com- 
mutator while  they  are  pressing  down.  A  hand  of  sandpaprr  may  be 
pasted  or  tied  around  the  commutator,  and  the  tirmature  then  slowly 
revolved  by  hand  or  by  power  while  the  brushes  are  presstMl  upon  it. 

It  sometimes  hap{)ens  that  the  brushes  make  poor  contact  bo- 
cause  the  brush-holders  do  not  work  frtvly. 
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Cause  5.  Short-circuited  or  reversed  coil  or  coils  in  ar- 
mature. 

Symitom.  a  motor  will  draw  excessive  current,  even  when 
running  free  witLout  load.  A  dynamo  wmU  re(juire  considerable 
power,  even  without  any  load.     For  reversed  coil,  see  III,  5. 

The  8hort-circuit(»d  coil  is  heated  much  more  than  the  others, 
and  is  liable  to  he  burnt  out  entirely;  therefore  the  machine 
should  be  stopped  immediately.  If  necessary  to  run  machine  in 
order  to  locate  the  trouble,  one  or  two  minutes  is  lon<x  enoucjh:  but 
this  may  be  repeated  imtil  the  short-circuited  coil  is  found  by  feel- 
inii  the  armature  all  over. 

An  iron  screw-driver  or  other  tool  held  between  the  field 
magnets  near  the  revolving  armature,  vibrates  very  perceptibly  as 
the  short-circuited  coil  passes.  Almost  any  armature,  j)articularly 
one  with  teeth,  will  cause  a  slight  but  rapid  vibration  of  a  piece  of 
iron  held  near  it;  but  a  short  circuit  j)roduces  a  much  stronger 
effect  only  on  re  per  revolution.  Care  should  be  taken  not  to  let 
the  piece  of  iron  be  drawn  in  and  jam  the  armature. 

The  current  ])ul8ates  and  tonjue  is  unequal  at  different  parts 
of  a  revolution,  tliese  being  j)articularly  noticeable  when  several 
coils  are  sliort-circuited  or  reversed  and  the  arinatiin*  is  slowly 
turned.  If  a  large  }M)rti()n  of  the  armature  is  sliort-eircuiteil,  the 
heatino;  is  distributed  and  is  harder  to  locate.  In  this  ease  a  motor 
runs  very  slowly,  xrivinir  little  powc^r  but  liavinjr  full  field  niai^net- 
isni.  A  sliort-circuited  coil  can  also  be  detected  by  the  drop-of- 
j)otential  method.      For  dynamos,  see  IX,  8. 

IvKMKov.  A  short  circuit  is  ()ft(»n  caused  by  a  piece  of  solder 
o»'  otluM*  metal  trettintj  between  the  commutator-bars  or  i\w\r  con- 
nections  with  the  armature;  and  sometim(»s  tlu»  insulation  U'tween 
or  at  the  en<ls  of  these  bars  is  bridged  over  by  a  ])article  of  metal. 
In  any  such  east^  the  trouble  is  easily  found  and  corrected.  If, 
however,  the  short  circuit  is  in  the  coil  itself,  the  only  elfective 
reme(ly  is  to  rewind  the  coil. 

One  or  more  '*  grounds  "  in  the  armature  may  produce  effects 
similar  to  those  arising  from  a  short  circuit.     (See  Cause  7.) 

Caise  ().     Broken  circuit  in  armature. 

SvMrroM.  Commutator  flashes  violently  while  runninfr,  and 
commutator-bar  nearest  the  break  is  badly  cut  and  burnt;  but  in 
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"lis  case  no  particular  armature  coil  will  be  heated  as  in  the  last 
(»se;  and  the  flashing  will  be  very  much  worse,  even  when  turning 
«'owly.  This  trouble,  which  might  be  confounded  with  a  bad  case 
"f ''high  bar"  in  commutator  (Cause  3).  is  diBtingniahcd  there- 
from by  alowly  turning  the  armature,  when  violent  HaBhing  will 
™[)linue  if  circuit  is  broken;  but  not  with  "high  bar"  nnleea  it 
la  Very  bad.  in  which  case  it  ia  easily  felt  or  seen.  A  very  bad 
wntact  has  almost  the  same  effect  as  a  break  in  the  circuit. 

Kemf-dt.     a  break   or  bad  contact  can   l>e   located  by  the 
"drop"  method    (page  f 53)   or   by   a   continuity  teat  (page  08). 
'*'«'  trouble  is  often  found  where  the  armature  wires  connect  with 
'««  commutator,  and  not   in  the  coil  itself,  and  the  break  may  be 
"^paiivd  or  the  loose  wire  properly  fastened.     If  the  trouble  is  due 
*^  a  broken  commutator  connection,  and  cannot  be  fixed,  the  discon- 
nected bar  may  be  temporarily  connected 
to  the  next  by  solder,  or  the  bruahes  may 
be  "staggered,"  that  is.  one  put  a  little 
forward  and  the  other  back  bo  aa  to  bridge 
over  the  break  (Fig.  62).     It  may  1k'  iin- 
practicable  to  '*  stagger"  radial  and  some 
other  arrangements  of  bruslies.  but  usually 
a  brush  ia  thick  enough  to   make  contact 
with  more  than  one  coniinutatiir  bar.     If 
the  break  U  in  tlie  coil  itwelf.  rewinding  ia 
generally  the  only  cure.     But  tliis  may  be 
*^>H«lied  temporarily  by  connecting  together  liy  wire  or  solder 
*be   two   commutator- bars   or  coil -terminals  between   which  the 
^•"feak  exists.     It  is  only  in   an   emergency   that  armature  coils 
^•*onld  be  cut  out  or  commutator  bars  connecte<l  together,  or  ntlier 
***akeshifts  resorted  to  ;  but  it  sometimea  avoida  a  very  undesir- 
*l>le  stopple.     A  very  rough  but  quick  and  Bimplt'  way  to  cun- 
^^t  two  commutator  barH.  ia  to  hammer  or  otherwise  force  the 
'^^>pperB  tt^ther  across  the  mica  insulation  at  the  end  of  tlie  com- 
imitator.     This  should  be  avoided  if  possible  ;  Imt  if  it  has  to  W 
^one  in  an  emergency,  the  crushed  material  can  afterwards  be 
picked  out  and  the  injury  smoothed  over.     In  carrying  out  any 
of  these  methods,  great  care  should  be  taken  not  to  aliort-circuit 
■uy  other  armatare  coil,  which  would  cause  sparking  (<.'ause  5). 
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Cause  7.     Ground  in  Armature. 

Symptom.  Two  ''  grounds ''  (accidental  connections  between 
the  conductors  on  the  armature  and  its  iron  core  or  the  shaft  or 
spider)  would  have  practically  the  same  effect  as  a  short  circuit 
(Cause  5),  and  would  be  treated  in  the  same  way.  A  single 
ground  would  have  little  or  no  effect,  provided  the  circuit  is  not 
intentionally  or  accidentally  grounded  at  some  other  point.  On 
an  electric-railway  ("  trolley ")  or  other  circuit  employing  the 
earth  as  a  return  conductor,  one  or  more  grounds  in  the  armature 
would  allow  the  current  to  pass  directly  through  them,  and  would 
cause  the  motor  to  spark  and  have  a  variable  torque  at  different 
parts  of  a  revolution. 

Remedy.  A  ground  can  be  detected  by  testing  with  a  mag- 
neto bell  (page  07).  It  can  also  be  located  by  the  drop-of -po- 
tential method  (page  03).  Another  way  to  locate  it  is  to  wrap  a 
wire  around  the  commutator  so  as  to  make  connection  with  all  of 
the  bars,  and  then  connect  a  source  of  current  to  this  wire  and 
to  the  armature  core  (by  pressing  a  wire  upon  the  latter).  The 
current  will  then  flow  from  the  armature  conductors  through  the 
ground  connection  to  the  core,  and  the  magnetic  effect  of  the 
armature  winding  will  be  localized  at  the  point  where  the  ground 
is.  This  point  is  then  found  by  the  indications  of  a  compass 
needle  wlien  slowly  moved  around  the  surface  of  the  armature. 
The  current  may  be  obtained  from  a  storage  battery  or  from  the 
circuit,  l)ut  should  l>e  regulated  by  lamps  or  other  resistiince  so  as 
not  to  exceed  the  normal  armature  current.  Sometimes  the 
ground  may  be  in  a  place  where  it  can  be  corrected  without  much 
trouble,  but  usually  the  particular  coil  and  often  others  must  be 
rewound.  A  ground  will  be  produced  if  the  insulation  is  punc- 
tured by  a  spark  of  static  electricity,  which  may  be  generated  by 
the  friction  of  the  belt.  If  the  frame  of  the  machine. is  conntH*ted 
to  the  ground,  the  static  charge  will  pass  off  to  the  ground  ;  but 
such  irrouiidinir  is  often  inadvisable,  and  in  such  cases  the  frame  may 
be  connected  to  the  irround  throuirh  a  Geissler  tube,  a  wet  thread, 
a  heavy  pencil-mark  on  a  piece  of  unglazed  porcelain,  or  other  very 
high  resistance  which  will  carry  off  a  static  charge  of  very  high 
potential  and  almost  infinitesimal  quantity,  but  will  not  permit  the 
passage  of  any  considerable  current  that  might  cause  trouble. 
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Cause  8.     Weak  Field  Masrnetism. 

Symptom.  Pole  pieces  not  strongly  magnetic  when  tested 
with  a  piece  of  iron.  Point  of  least  sparking  is  shifted  consider- 
ably from  normal  position,  owing  to  relatively  strong  distorting 
effect  of  armature  magnetism.  Speed  of  a  shunt  motor  is  usually 
high  unless  magnetism  is  very  weak  or  ;«//,  in  which  case  a  motor 
may  run  slow,  stop,  or  even  run  backwards.*  A  generator  fails  to 
generate  the  full  E.M.F.  or  current. 

The  j)articular  cause  of  trouble  may  be  found  as  follows:  A 
broken  circuit  in  the  field  of  a  motor  is  found  by  purposely  o|)en- 
ing  the  field  circuit  at  some  |X)int,  taking  care  first  tor" disconnect 
armature  (by  putting  wood  under  the  brushes,  for  example),  and 
to  use  only  one  hand,  to  avoid  shock.  If  there  is  no  spark  when 
circuit  is  thus  opened,  there  must  be  a  broken  circuit  somewhere. 
A  short  circuit  in  the  field  coils  is  found  by  measuring  their 
resistance  roughly  to  see  if  it  is  very  much  less  than  it  should  be. 
Usually  a  short  circuit  is  confined  to  one  magnet,  and  will  there- 
fore weaken  that  one  more  than  the  others;  and  a  piece  of  iron 
held  half-way  between  the  |K)le  pieces  will  be  attracted  to  one 
more  than  to  the  other.  Tlie  short  circuit  may  he  found  by  the 
drop-of-potential  method,  by  testing  from  the  joint  between  the 
field  coils  to  each  outside  terminal,  '"(ironnding  "  is  practically 
identical  with  short-circuiting,  but  one  ground  will  not  produce 
this  effect  until  another  occurs.  A  double  ground,  through  which 
the  current  finds  a  complete  j)ath,  is  equivalent  to  a  short  circuit. 
In  the  ordinary  "  trolley"  electric-railway  system,  a  ground  return 
is  used,  and  the  neutral  conductor  of  three-wire  systems  is  often 
grounded.  In  such  cases  one  ground  may  be  sufficient  to  cut  out 
one  or  more  field  coils. 

If  one  field  coil  is  reversed  and  oppostnl  to  the  others,  it  will 
weaken  the  field  magnetism  and  cause  bad  spiirking.  This  may 
be  detected  by  examining  the  field  coils  to  see  if  they  are  all  con- 
nected in  the  right  way,  or  by  testing  with  a  compass  needle. 
(See  IX,  4.)  The  series-coil  of  a  compound-wound  dynamo  or 
motor  is  ofted  connected  wrongly,  and  will  have  the  wrong  effect, 
that  is,  will  reduce  the  voltage  of  the  former  or  raise  the  speed  of 
the  latter  with  increase  of  load. 

*  NoT&   If  tbe  motor  is  not  loaded,  it  will  rac9. 
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Remedy.  A  broken  or  short  circuit  or  a  ground  is  easily 
repaired  if  external  or  accessible.  If  it  is  internal,  the  only 
remedy  is  to  replace  or  rewind  the  faulty  coil.  A  shunt  motor 
will  spark  badly  in  starting  if  the  armature  is  connected  before 
the  field.  This  can  be  remedied  by  adjusting  the  contacts  and 
switch-arm.  If  the  voltage  is  too  low  on  the  circuit,  it  may  cause 
sparking  in  a  shunt  dynamo  or  motor;  and  if  the  voltage  cannot 
be  raised,  the  resistance  of  the  field  circuit  should  be  reduced  by 
unwinding  a  few  layers  of  wire  or  by  substituting  other  coils 
(See  VII,  VIII,  IX,  and  X.) 

Cause  9.     Vibration  of  Machine. 

Symptom.  Considerable  vibration  is  felt  when  the  hand  is 
placed  upon  the  machine,  and  sparking  decreases  if  the  vibration 
is  reduced. 

Remedy.  The  vibration  is  usually  due  to  an  imperfectly  bal- 
anced armature  or  pulley  (see  VI,  1),  to  a  bad  belt  (see  VI,  6),  or 
to  unsteady  foundations;  and  the  remedies  described  for  these 
troubles  should  be  applied. 

Any  considerable  vibration  is  likely  to  produce  sparking,  of 
which  it  is  a  common  cause.  This  sparking  can  be  reduced  by 
increasing  the  pressure  of  the  brushes  on  the  commutator,  but  the 
vibration  itself  should  be  overcome. 

Cause  10.     Cliatter  of  Bruslies. 

The  commutator  sometimes  becomes  sticky  when  carbon 
brushes  are  used,  causing  friction,  which  throws  the  brushes  into 
rapid  vibration  as  the  commutator  revolves,  similar  to  the  action 
of  a  violin  bow. 

Symitom.     Slight  tingling  or  jarring  is  felt  in  brushes. 

Remedy.     Clean  commutator,  and  oil  slightly. 

Cause  11.     Flying  break  in  armature  conductor. 

Symi^om.  No  break  found  by  test  with  armature  standing 
still,  but  break  shown  by  flashing  at  brushes,  when  running,  being 
usually  due  to  centrifugal  force. 

Kemedy.  Tighten  connections  to  commutator,  or  repair 
broken  wire,  etc. 

BXCESSIVe  HEATINQ  IN  GENERATOR  OR  HOTOR. 

General  Instructions.  The  degree  of  heat  that  is  injurious 
or  objectionable  in  a  generator  or  motor  ie  easily  determined  by 
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feeling  the  various  parts.  If  the  heat  is  bearable  to  the  hand,  it 
is  entirely  harmless;  but  if  unbearable,  the  safe  limit  of  tempera- 
ture has  been  approached  or  passed,  and  the  heat  should  be  reduced 
in  some  of  the  ways  that  are  indicated  below.  In  testing  with  the 
hand,  allowance  should  be  made  for  the  fact  that  bare  metal  feels 
much  hotter  than  cotton  at  the  same  temperature.  The  back  of 
the  hand  is  more  sensitive  than  the  palm  for  this  test.  If  the  heat 
has  become  so  great  as  to  produce  an  odor  or  smoke,  the  safe  limit 
has  been  far  exceeded,  and  the  current  should  be  shut  off  immedi- 
ately and  the  machine  stopped,  as  this  indicates  a  serious  trouble, 
such  as  a  short-circuited  coil  or  tight  bearingr.  The  machine  should 
not  again  be  started  until  the  cause  of  the  trouble  has  been  found 
and  positively  overcome.  Of  course,  neither  water  nor  ice  should 
ever  be  used  to  cool  electrical  machinery,  except  possibly  the  bear- 
ings  of  large  machines  at  points  where  they  can  be  applied  without 
danger  of  wetting  the  other  parts. 

Feeling  for  heat  will  serve  as  a  rough  test  to  detect  excessive 
temperatures  or  in  emergencies;  but,  of  course,  the  sensitiveness  of 
the  hand  varies,  and  it  makes  a  great  difference  whether  the  sur- 
face is  a  good  or  bad  conductor  of  heat.  The  proper  and  reliable 
methods  for  determining  rise  in  temperature  are  given  on  page 
59,  Part  I. 

It  is  very  important,  in  all  cases  of  heating,  to  locate  the 
source  of  heat  in  the  exact  j)art  in  which  it  is  pr(Mluce<l.  It  is  l 
common  mistake  to  suppose  that  any  [>art  of  a  machine  that  is 
found  to  be  hot  is  the  seat  of  the  trouble.  A  hot  bearing  may 
cause  the  armature  or  commutator  to  heat,  or  vice  versa.  In  every 
case  all  parts  of  the  machine  should  bo  tried  to  find  which  is  the 
hottest,  since  heat  generateil  in  one  part  is  rapidly  diffused  through- 
out the  entire  machine.  It  is  better  to  make  observations  for  heat- 
ing by  starting  with  the  whole  machine  cool,  which  is  done  by 
letting  it  stand  for  several  hours. 

II.    HEATINQ  OF  COMMUTATOR  AND  BRUSHES. 

Cause  1.     Heat  spread  from  another  part  of  machine. 

Symptom.  Start  with  the  machine  cool,  and  run  for  a  short 
time,  80  that  heat  will  not  have  time  to  spread.  The  real  seat  of 
trouble  is  the  part  that  heats  first. 

Bemspt.     (See  Ueating  of  Armature,  Fields,  and  Bearings.) 
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Cause  2.  Sparking.  Any  of  the  causes  of  sparking  will 
cause  heating,  which  may  be  sKght  or  serious. 

Symptom  and  Remedy.     See  "  Sparking.*' 

Cause  3.  Tendency  to  spark,  or  slight  sparking  hardly 
visible. 

Sometiiues  before  sparking  appears,  serious  beating  is  pro- 
duced by  the  causes  of  sparking,  such  as  the  short-circuiting  of 
the  coils  as  their  commutator-bars  pass  under  the  brushes. 

Symitom.  Reduced  by  applying  the  principal  remedies  for 
sparking,  such  as  slightly  shifting  rocker-arm.  Fine  sparks  may 
be  found  by  sighting  in  exact  line  with  the  surface  of  contact 
betwetm  the  commutator  and  brushes. 

Remedy.  (See  "Sparking.")  Apply  the  remedies  with 
extra  care.  This  incipient  sparking  may  be  due  to  excessive  in- 
ductance in  the  armature  coils,  which  can  be  corrected  only  by 
reconstruction;  or  it  may  l)e  due  to  insufficient  field  strength,  and 
this  can  be  cured  by  increasing  the  ampere-turns  of  field  winding. 

Cause  4.  Overheated  commutator  will  decompose  carbon 
brush. 

The  effect  is  to  cover  commutator  with  a  black  film  which 
offers  resistance  and  arrtrravates  the  heat. 

SvMiToM.  ( 'oniinutator  covered  with  dark  coating;  commu- 
tator, bruslies  and  holders  show  marks  of  al)normal  heat. 

Ukmkdy.  Commutator  and  brushes  should  be  c^irefully 
clc^aned,  and  the  latter  ad  justed  to  make  good  contact  at  the  proper 
points. 

(  AisK  5.     Bad  connections  in  brush-holder,  cable,  etc. 

Symitom.  Holder,  (•al>le,  etc.,  feel  hottest;  unusual  resistance 
found  in  these  parts  by  ''drop  method." 

Remedy.     Ini])rove  the  connections. 

(Jaise  r>.     Arcing  or  short  circuit  in  commutator. 

This  may  occur  across  mica  or  insulation  betw(^>n   bars   or 

t/ 

nuts. 

SYMFroM.  Burnt  spot  between  parts;  spark  appears  in  the 
insulation  wIkmi  current  is  put  on. 

Remedy.  Pick  out  the  charred  particles;  take  commutator 
apart  and  re])air;  or  jmt  on  new  commutator. 

Cause  7.     Carbon  brushes  heated  by  the  current* 
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Carbon  b'-usbes  require  less  attention  tban  copper,  Injcause 
ilieytlonot  cut  tbe  commutator,  and  tbeir  resistance  usually  re. 
duces  sparking,  but  it  may  also  cause  them  to  heat. 

Symptom.     BmsheB  hotter  than  other  parts. 

Eemedt.  Use  carbon  of  higher  conductivity.  Let  the 
brush-holder  grip  brush  closer  to  commutator,  so  as  to  reduce  the 
lentrth  of  brush  through  which  the  current  must  pass.  Reinforce 
the  brush  with  copper  gfiuze  or  sheet  copper.  Use  lai^r  brushes 
or  a  greater  number. 

III.    HEATING  OF  ARMATURE. 

Cause  1.     Excessive  current  in  armature  coils. 

Symptom  and  Remedy  the  same  as  in  case  of  "  Sparking," 
Cause  1. 

Cause  2.     Short-circuited  armature  coils. 

Symptom  and  Remedy  the  same  as  in  case  of  "  Sparking;" 
Cause  5.     See  also  Cause  7. 

Cause  3.     Jloisture  in  armature  coils. 

Symptom.  Armature  requires  considerable  power  to  run  free. 
Armature  steams  when  hot,  or  feels  moist.  This  is  really  a 
^p?eial  case  of  Cause  2,  as  moisture  has  the  effect  of  short-circuit- 
'"g  the  coils  through  the  insulation.  Measure  insulation  resist- 
ance of  armature  ;  this  should  test  at  least  one  megohm  if  arma- 
turt^  is  in  good  condition,  but  would  be  much  lowered  by  mois- 
ture.   (See  "  Insulation  Tests.") 

Remedy.  The  armature  should  be  baked  for  5  to  10  hours 
in  an  oven  or  other  place  sufficiently  warm  to  drive  out  the  mois- 
ture, bat  not  hot  enough  .to  run  any  risk  of  burning  or  even 
slightly  charring  the  insulation.  A  neat  way  to  do  this  is  to  pass 
through  the  armature  a  current  regulated  to  be  about  three  quar- 
ters of  the  rated  armature  current,  the  armature  being  held  still 
or  turned  over  occasionally. 

Cause  4.     Poucault  currents  in  armature  core. 

Symptom.     Iron  of  armature  core   hotter  than  coils  after  a 

8hortnm,  and  considerable  power  required  to  run  armature  when 

NoTB.  Any  excess  of  current  taken  by  an  armature  when  running /ree, 
whatever  the  cause,  must  bo  converted  into  heat  by  some  defect  in  the 
^oioT;  hence  the  "free  current"  is  the  simplest  and  most  complete  test  of  the 
^^Bcieocy  and  perfect  condition  of  the  machin<^ 
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iSeld  is  magnetized  and  there  is  no  load  on  armature.  This  can 
be  distinguished  from  Cause  2  by  absence  of  sparking  and  absence 
of  excessive  heat  in  a  particular  coil  or  coils  aft-er  a  short  run. 
(See  "Stray  Power  Tests.") 

Remedy.  Armature  core  should  be  laminated  more  perfectly, 
which  is  a  matter  of  first  construction. 

Cause  5.  One  or  more  reversed  coils  on  one  side  of 
armature.  This  will  cause  a  local  current  to  circulate  around 
armature. 

Sympi'om.  Excessive  current  w^hen  running  free,  but  no  par- 
ticular coil  heated  more  than  others.  If  a  moderate  current  is 
applied  to  each  coil  in  succession  by  touching  wires  carrying 
current  to  each  two  adjacent  commutator-bars,  a  compass  needle 
held  over  the  coils  will  behave  differently  when  the  reversed  coil 
is  reached.  In  a  motor  tlie  half  of  armature  containinor  the  re- 
versed  coils  is  heated  more  than  the  other. 

Remedy.     Reconnect  the  coil  to  acrree  with  the  others. 

Cause  ().     Heat  conveyed  from  other  parts. 

SYMFroM.  Other  parts  hotter  than  armature.  Start  with 
machine  cool,  and  see  if  other  parts  heat  first. 

Rkmkdv.     See  Ilcatiiitr  of  l>earincrs,  Field  and  Commutator. 

Caise  7.     Flying  cross  in  armature  conductor. 

Symitom  and  ItEMEDV  similar  to  the  case  of  sparkiiif^  (Cause 
11),  except  tlijit  n^fcrence  here  is  to  the  insulation  of  the  con- 
ductors. 

IV.     HEATING  OF  FIELD  MAGNETS. 

(•Aisi:  I.      Excessive  current  in  field  circuit. 

8vMiT(»M.  Field  coils  too  hot  to  keep  the  lian«l  on.  Their 
temperature  iiion*  tluiii  50  i)  above  that  of  room  by  resistance  test 
or  by  thermometer. 

Hemkdy.  In  tlie  case  of  a  shunt- wound  machine,  decrease 
the  Voltaire  at  terminals  of  field  coils;  or  increase  the  resistance  in 
field  circuit  by  windinrr  on  more  wire  or  putting  resistance  in  series. 
In  the  case  of  a  series-wound  machine,  shunt  a  portion  of,  or  other- 
wise decrease,  the  curi\*iit  passin<^  throuo;h  field;  or  take  a  layer  or 
nuH'e  of  wire  oil'  the  field  coils;  or  rewind  with  coarser  wire.  This 
trouble  might  be  due  to  a  short  circuit  in  field  coils  in  the  case  of 
d  shunt-wound  dynamo  or  motor,  and  would  be  indicated  by  the 
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pole  piece  with  the  short-circuited  coil  being  weaker  than  the 
others.  This  coil  is  cooler  than  the  others;  in  fact,  if  completely 
short-circuited,  it  is  not  heated  at  all.  This  condition  can  be  rem- 
edied only  by  rewinding  the  short-circuited  coil.  Measure  resist- 
ance of  the  field  coils  to  see  if  they  are  nearly  equal.  (See  "  drop 
method.")  If  the  difference  is  considerable  (say,  more  than  5  or 
10  per  cent),  it  is  almost  a  sure  sign  that  one  coil  is  short-circuited 
or  double-grounded. 

Cause  2.     Poucault  currents  in  pole  pieces  or  field  cores. 

Symptom.  The  pole  pieces  hotter  than  the  coils  after  a  short 
run.  When  making  the  comparison,  it  is  necessary  to  keep  the 
hand  on  the  coils  some  time  before  the  full  effect  is  reached,  be- 
cause the  coils  are  insulated  and  the  pole  pieces  are  bare  metal,  and 
even  then  the  coils  will  not  feel  so  hot,  although  their  actual  tem- 
perature may  be  higher  if  measured  by  a  thermometer. 

Kemedy.  This  trouble  is  due  to  faulty  design  of  toothed- 
armature  machines,  which  can  be  corrected  only  by  rebuilding,  or 
is  caused  by  fluctuations  in  the  current.  The  latter  can  be  de- 
tected, if  the  variations  are  not  too  rapid,  by  putting  an  ammeter 
in  circuit;  or  rapid  variations  may  be  felt  by  holding  a  piece  of 
iron  near  the  pole  pieces,  and  noting  whether  it  vibrates.  In  the 
case  of  an  alternating  current  it  is  necessary  to  use  laminated 
fields  to  avoid  great  heating. 

Cause  3.     Moisture  in  field  coils. 

Symptom.  The  field  circuit  tests  lower  in  resistance  than 
normal  in  that  type  of  machine;  and  in  the  case  of  shunt- wound 
machines,  the  field  takes  more  than  the  ordinary  current.  Field 
coils  steam  when  hot,  or  feel  moist  to  hand.  The  insulation 
resistance  also  tests  low. 

Remedy.     The  same  as  for  moisture  in  armature  (III,  3). 

V.     HEATINQ  OF  BEARINGS. 

The  cause  should  be  found  and  removed  promptly,  but  heat- 
ing of  the  bearings  can  be  reduced  temporarily  by  applying  ^old 
water  or  ice  to  them.  This  is  allowable  only  when  absolutely 
necessary  to  keep  running;  and  great  care  should  be  taken  not  to 
allow  any  water  to  get  upon  the  commutator,  armature,  or  field - 
ooils,  as  it  might  short-circuit  or  ground  them.     If  the  bearing  is 
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very  hot,  the  shaft  should  be  kept  revolving  slowly,  as  it  might 
''  freeze,"  or  stick  fast,  if  stopped  entirely. 

Causk  1.     Lack  of  oil. 

Symi*T()M.  Oil -cup  reservoir  empty.  Oil  passages  clogged. 
Self-oiling  rings  stick  fast.  Shaft  and  bearing  look  dry.  The 
shaft  does  not  turn  fr(?ely. 

Kkmedy.     Supply  oil,  and  make  sure  that  oil  jmssages  as  well 

as  feeding  or  self-oiling  devices  workfreely, 

C ^^^"^^rff^V-  -'1  aud  that  the  oil  cannot    leak   out.     Tliis 

last  fault  sometimes  causes  oil  to  fail  sooner 


Fig.  63.  ,  ,  »  J  1. 

than  attendant  expects.     A    good  quality 

of  oil  should  always  be  used,  as  poor  oil  might  be  as  bad  as  no  oil. 

Cause  2.     Qrit  or  other  foreign  matter  in  bearings. 

SYMrroM.  Best  detected  by  removing  shaft  or  bearing  and 
examining  both.  Any  grit  can  of  course  be  felt  easily,  and  will 
also  cut  the  shaft. 

Remedy.  Kemove  shaft  or  bearing,  clean  both  very  care- 
fully, and  see  that  no  grit  can  get  in.  Place  machine  in  dustless 
place  or  box  it  in.  The  oil  should  be  perfectly  clean;  if  not,  it 
should  bo  filtertMl.  If  it  is  not  ]K)ssil)le  to  stop  the  machine  or  to 
remove  the  sliaft,  the  dirt  may  bo  washed  out  with  kerosene  or 
water;  ])iit  tlioso  should  not  ])o  allowed  to  got  on  the  commutator, 
armatnro,  or  field  coils. 

Cai  sK  H.     Shaft  rough  or  cut.      (I'ig-  ^*»'^-) 

Symitom.  sliaft  will  show  tjrooves  or  routrhnoss,  and  will 
])rol>al)lv  revolve  stitlly. 

liKMKDV.  Turn  shaft  in  latho;  or  smooth  with  tine  lile;  and 
see  that  ])oarin<r  is  smooth  and  tits  sliaft. 

('ai  SE  4.     Shaft  and  bearing  fit  too  tight. 

Symitom.      Sliaft  hard  to  revolve  l)v  hand. 

Kkmkdy.  Turn  or  lilo  down  shaft  in  latho,  or  scrape  or  ream 
out  boarincrs. 

( 'aise  5.     Shaft  ** sprung "  or  bent. 

Symitom.  Shaft  hard  to  revolve,  and  usually  sticks  much 
more  in  one  part  of  revolution  than  in  another. 

IvKMKDY.  It  is  very  diilioult  to  straitrhton  a  bent  shaft.  It 
might  ]>e  bont  back  or  turned  true,  but  probably  a  new  shaft  will 
be  necessary. 
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Causk  6.     Bearing^s  out  of  line. 

Symptom.  Shaft  hard  to  revolve,  but  is  much  relieved  by 
slightly  loosening  the  screws  that  hold  bearings  in  place,  when 
machine  is  not  runninor  and  when  belt,  if  any,  is  taken  off. 

liKMEDY.  Loosen  the  bearings  by  partly  unscrewing  bolts 
or  screws  holding  them  in  place,  and  find  their  easy  and  true 
position,  which  may  require  one  of  them  to  be  moved  either  side- 
ways or  up  or  down;  then  file  the  screw-holes  of  that  bearing,  or 
raise  or  lower  it,  as  may  be  necessary,  to  make  it  occupy  the  right 
position  when  the  screws  are  tightened.  The  armature,  however, 
must  be  kept  in  the  center  of  the  space  between  the  pole  pieces, 
so  that  the  clearance  is  uniform  all  around.     (See  Cause  9.) 

Cause  7.  Thrust  or  pressure  of  pulley,  collar,  or  shoulder 
on  shaft  against  one  or  both  of  the  bearings. 

Symptom.  Move  shaft  back  and  forth  with  a  stick  applied  to 
the  end  while  revolving,  and  note  if  the  collar  or  shoulder  tends 
to  l>e  pushed  or  drawn  against  either  bearing.  It  is  usually  de- 
sirable that  a  shaft  should  move  freely  back  and  forth  about  an 
eighth  of  an  inch,  to  make  commutator  and  bearings  wear 
eraoothly. 

Remedy.  Line  uj)  the  belt;  shift  collar  or  pulley;  turn  oflF 
shoulder  on  shaft,  or  file  off  bearing,  until  the  shoulder  does  not 
touch  when  running,  or  until  pressure  is  relieved.  • 

Cause  8.  Too  great  a  load  or  strain  on  the  belt. 
Symptom.  Great  tension  on  belt.  In  this  case  the  pulley 
l>earing  will  probably  be  very  much  hotter  thnn  the  other,  and 
*ilso  worn  elliptical,  as  indicated  in  P'ig.  T)!,  in  which  case  the  shaft 
C!an  be  shaken  in  the  bewaring  in  the  direction  of  the  belt  pull,  when 
the  belt  is  off,  provided  the  machine  has  been  running  long  enough 
t:o  wear  the  bearincrg. 

Kemedy.  Reduce  load  or  belt  tension,  or  usr  larger  j»ulleys 
^nd  lighter  belt,  so  as  to  relieve  side  strain  on  shaft.  (See  *-  lit^lt- 
ing.") 

Cause  9.  Armature  too  near  one  pole  piece,  producing  much 
greater  magnetic  attraction  on  nearer  side. 

Symptom.  Examine  the  clearance  of  armature  to  sei^  if  it  is 
uniform  on  all  sides.  Charge  and  discharge  the  field  magnet,  the 
armature  being  disconnected  (by  putting  wood  under  the  brushes)- 
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and  note  whether  armature  seems  to  be  drawn  to  one  side  and 
turns  very  mucli  less  easily  when  field  is  magnetized. 

Remedy.  This  fault  is  due  either  to  a  defect  in  the  original 
construction,  or  to  wear  in  the  bearings,  either  of  which  is  difficult 
to  correct;  but  in  cases  of  necessity  the  armature  can  be  centered 
exactly  in  the  field  by  moving  the  bearings,  which  may  be  done  by 
carefully  filing  the  holes  through  which  the  screws  pass  that  hold 
the  bearings  in  place;  or  the  pole  piece  may  be  filed  away  where 
it  is  too  near  the  armature. 

Trouble  from  this  cause  is  greater  in  multipolar  than  in  bi- 
polar machines,  and  always  tends  to  l^ecome  aggravated,  because 
the  more  the  side  pull  the  more  the  bearings  wear  in  that  direc- 
tion. If,  on  the  other  hand,  the  armature 
is  in  the  center  of  the  sj)ace  formed  by  the 
pole  pieces,  the  magnetic  pull  is  practically 
balanced  in  all  directions. 

It  is  risky  to  file  bolt-holes  or  make  any 
such  change  in  a  machine;  and  this  should 
never  be  attempted  before  consulting  an  ex- 
perienced machinist.  Very  often  the  trouble 
is  due  to  the])arts  being  out  of  j)lace  merely 
because  they  have  not  been  ])ut  together  right 
or  because  tliere  is  dirt  between  them.  If  the  bearintr  is  worn,  it 
may  be  rebal)bitted  or  renewed. 

(Jausk  10.  Bearing^  heated  by  hot  pulley,  commutator,  or 
armature. 

Symitom.  Pulley,  armature,  or  commutator  hotter  than  l>ear- 
ing.  The  slipj)ing  of  the  belt  on  the  j)ulley,  sparking  at  the  commu- 
tator, or  heating  of  the  armature  may  heat  one  or  both  bearings  of 
the  machine,  in  whieh  case  an  examination  will  show  that  these 
[>art9  are  hotter  than  the  lu-aring,  and  the  real  source  of  the  trouble. 

Kemkdy.  a  sli|)j)ing  ])elt,  sparking  commutator,  or  hot 
armature  can  ])e  cured  as  described  under  these  headings,  and  then 
the  bearing  will  probably  cease  to  lieat. 

VI.     NOISY   OPERATION. 

Cause  1.  Vibration  due  to  armature  or  pulley  being  out 
of  balance. 


Fi^r.  64. 


^5»^ 


MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY  101 

Symptom.  Strong  vibration  felt  when  the  hand  is  placed 
upon  the  machine  while  it  is  runnincr.  Vibration  changes  greatly 
if  speed  is  changed,  and  sometimes  almost  disappears  at  certain 
speeds. 

Remedy.  Armature  or  pulley  must  be  perfectly  balanced 
by  securely  attaching  lead  or  other  weight  on  the  light  side,  or  by 
drilling  or  filing  away  some  of  the  metal  on  the  heavy  side.  The 
easiest  method  of  finding  in  which  direction  the  armature  is 
out  of  balance  is  to  take  it  out,  and  to  rest  the  shaft  on  two 
parallel  and  horizontal  A-shaj)ed  metallic  tracks  sufficiently  far 
apart  to  allow  the  armature  to  go  between  them  (Fig.  G5).  If  the 
armature  is  then  slowly  rolled  back  and  forth,  the  heavy  side 
will  tend  to  turn  downward.  The  armature  and  pulley  should 
always  be  balanced  separately.  An  excess  of  weight  on  one 
side  of  the  pulley  and  an  e(][ual  excess  of  weight  on  the  oj)- 
posite  side  of  the  armature  will  not  produce  a  balance  while 
running,  though  it  does  when  standing  still;  on  the  contrary, 
it  will  give  the  shaft  a  strong  tendency  to  '*  wobble."  A  perfect 
balance  is  obtained  only  when  the  weights  are  directly  opposite, 
/.<'.,  in  the  same  line  j)erj)endicular  to  the  shaft. 

Cause  2.     Armature  strikes' or  rubs  against  pole  pieces.     * 

Symptom.  Easily  detected  by  placing  the  ear  near  the  ])ole 
pieces;  or  by  examining  armature  to  see  if  its  surface  is  abraded 
at  any  point;  or  by  examining 
each  part  of  the  space  between 
armature  and  held  as  armature  is 
slowly  revolved,  to  see  if  any  j)or- 
tion  of  it  touches  or  is  so  close 
as  to  be  likely  to  touch  when  the 
machine  is  running.      In  small  Fig.  65. 

machines,  the  armature  may  be 
turned  by  hand,  noting  whether  it  sticks  at  any  ])oint. 

Kemedy.  Bind  down  any  wire  or  other  ])Hrt  of  the  arnuiture 
that  may  project  abnormally;  or  file  out  the  ])()le  ])iect*s  where  the 
armature  strikes;  or  center  the  armature  so  that  there  is  a  uniform 
clearance  between  it  and  the  j)ole  ])ieces  at  all  points. 

Cause  3.  Shaft  collar  or  shoulder,  hub  or  edge  of  pulley,  or 
belt,  strikes  or  scrapes  against  bearings. 
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Symptom.  Rattling  noise,  which  stops  when  the  shaft  or 
pulley  is  pushed  lengthwise  away  from  one  or  the  other  of  the 
bearings.     (See  "  Heating  of  Bearings,"  Cause  7.) 

Remedy.  Shift  the  collar  or  pulley,  turn  off  the  shoulder  on 
the  shaft,  file  or  turn  off  the  bearing,  move  the  pulley  on  the  shaft, 
or  straighten  the  belt,  until  there  is  no  more  striking,  and  the 
noise  ceases. 

Cause  4.     Rattling^  due  to  looseness  of  screws  or  other  parts. 

Symitom.  Close  examination  of  the  bearings,  shaft,  pulley, 
screws,  nuts,  binding-posts,  etc.,  or  touching  the  machine  while 
running,  or  shaking  its  parts  while  standing  still,  shows  that  some 
parts  are  loose. 

Remedy.  Tighten  up  the  loose  parts,  and  be  careful  to  keep 
them  all  properly  set  up.  It  is  easy  to  guard  against  the  occur- 
rence  of  this  trouble,  which  is  very  common,  by  simply  examining 
the  various  screws  and  other  parts  each  day  before  the  machine  is 
started.  Electrical  machinery  being  usually  high-speed,  the  parts 
are  particularly  liable  to  shake  loose.  A  worn  or  poorly  fitted 
bearing  might  allow  the  shaft  to  rattle  and  make  a  noise,  in  which 
case  the  bearing  should  be  refitted  or  renewed. 

Cai  SK  5.     Singing  or  hissing  of   brushes.     This  is  usually 
occasioned   by   rough    or    sticky    commutator    (see    '^  Sparking," 
Causes    3    and   10),  or  by  brushes 
not   being  smooth,  or  by  the  layers    ^ — - >- 
of  a  copper  brush  not  being  held  to- 
gether and  in   place.     With  carbon 
brushes,   hissing  will   be   caused  by  Pig.  ce. 

the  use  of  carbon  that   is  gritty  or 

too  hard.  Vertical  carbon  brushes,  cr  brushes  inclined  against  the 
direction  of  rotation,  are  liable  to  squeak  or  sing.  Occasionally,  a 
new  machine  will  make  noise  that  is  reduced  after  the  machine 
has  been  run  for  some  time. 

Symptom.  Sound  of  high  pitch,  and  easily  located  by  placing 
the  ear  near  the  commutator  while  it  is  running,  and  by  lifting 
off  the  brushes  one  at  a  time,  provided  there  are  two  or  more  in 
each  set,  so  that  the  circuit  is  not  opened.  If  there  is  no  current 
there  is  no  objection  to  raisintr  the  brushes. 

Remedy.     A])ply  &,  vertj  little  oil  or  vaseline  to  the  commu- 
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tator  with  the  finger  or  a  rag.  Adjust  the  brushes  or  smooth  the 
coinnuitator  by  turning  or  filing,  or  by  using  fine  sandjmper,  bt»ing 
careful  to  clean  thoroughly  afterwards.  Carbon  brushes  are  liable 
to  squeak  in  starting  up  or  at  low  speed.  This  decreases  at  full 
sj)eed,  and  can  generally  be  stopped  by  moistening  the  brushes 
with  oil,  care  being  taken  not  to  have  any  drops  or  excess  of  oil. 
Shortening  or  lengthening  the  brushes  sometimes  stojjs  the  noise. 
Running  the  machine  without  load  for  some  time  usually  reduces 
this  trouble. 

Cause  6.     Flapping   or    pounding  of    belt   joint   or    lacing 

against  pulley.      (I'lg-  ^^^0 

Symptom.  Sound  repeated  once  for  each  complete  revolution 
of  the  lielt,  which  is  much  less  frequent  than  any  other  generator 
or  motor  sound,  and  can  easily  be  detected  or  counted. 

Kkmedy.     Endless  belt  or  smoother  joint.     (See  *'  Belting.") 

Cause  7.     Slipping  of  belt  on  pulley  due  to  overload. 

Symitom.     Intermittent  squeaking  noise. 

Remedy.  Tighten  the  belt  or  reduce  the  load.  A  wider 
belt  or  larger  pulley  may  be  recjuired.  Powdered  rosin  may  be 
put  on  the  belt  to  increase  its  adhesion  ;  but  it  is  a  makeshift,  in- 
jurious to  the  belt,  to  be  ado})ted  only  if  necessary.  ( See 
"Belting.") 

Cause  8.  Humming  of  armature-core  teeth  as  they  pass 
pole-pieces. 

Symitom.  Pure  humming  sound  less  metallic  than 
Cause  5. 

Remedy.  SIojkj  or  chamfer  the  ends  of  the  jiole  ])iec^^s  so' 
that  each  armature  tooth  <loes  not  jiass  the  edge  of  the  ])oh*  piece 
all  at  once.  Decrease  the  magnetization  of  the  fields.  Increase 
the  air-gap  or  reduce  the  distance  between  the  teeth.  P>ut  these 
are  nearly  all  matters  of  first  construction  and  are  made  right  by 
good  manufacturers. 

Cause  9.  Humming  due  to  alternating  or  pulsating 
current. 

Symptom  This  gives  a  sound  similar  to  that  in  the  j)reced- 
ing  case.  The  two  can  be  distinguished,  if  necessary,  by  determ- 
ining whether  the  note  given  out  corresponds  to  the  number  of  al- 
tematioDS,  or  to  the  number  of  armature  teeth  j)assing  per  second. 
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Usually  the  latter  is  considerably  greater  than  the  former. 

Remedy.     This  trouble  is  confined  to  alternating  apparatus, 

and  its  effects  can  be  reduced  by  proper  design  and  by  mounting 

the  machine  so  as  to  deaden  the  sound  as  far  as  possible. 

It  often  hapi)ons  that  a  generator  or  motor  seems  to  make  a  noise, 
which  in  reality  is  caused  by  the  engine  or  other  machine  with  which  it  is 
connected.  Careful  listening  with  the  ear  close  to  the  different  parts  will 
show  exactly  where  the  noise  originates.  A  very  sensitive  method  of  locating 
a  noise  or  vibration  is  to  hold  a  short  stick  by  one  end  bt^tween  the  teeth,  and 
press  the  other  end  squarely  against  the  several  parts,  to  ascertain  which 
particular  one  gives  the  greatest  vibration. 

VII.    SPEED  TOO  HIGH  OR  TOO  LOW. 

This  is  generally  a  serious  matter  in  either  generator  or  motor, 
and  it  is  always  desirable  and  often  imperative  to  shut  down  im- 
mediately, and  make  a  careful  investigation. 

SPEED  TOO  LOW. 

Cause  1.     Overload.     (See  "Sparking,"  Cause  1.) 

Symptom.  Armature  runs  more  slowly  than  usual.  Bad 
sparking  at  commutator.  Ammeter  indicates  excessive  current. 
Armature  heats.     Belt  very  ticrht  on  tension  side. 

Rkmkdy.  lieduce  t]w.  load  on  machine,  decrease  the  diameter 
of  driving  ])ulley,  or  increase  tlie  diameter  of  driven  ])ull(»y.  If 
necessary  to  relieve  strain  of  overload,  temporarily  decrease  the 
voltatro  on  either  a  jrenerator  or  a  motor. 

Caisk  2.     Short  circuit  or  ground  in  armature. 

Svmitom  and  Iwkmkdy  the  same  as  in  case  of  '*  Ileatint*"  of 
Armature,  Cause;  2  and  Cause  (>. 

Cai  sE  i\.     Armature  strikes  pole  pieces. 

Symitom  and  IIkmkdy  the  same  as  in  case  of  *' Noise," 
Cause  2. 

Caisk  4.      Shaft  does  not   revolve   freely  in  the  bearings. 

Symj'Tom  and  Kkmkdy  the  same  as  for  '*  Heating  of  Bearings," 
all  cases. 

SPEKD   TOO   HKiH    OR   TOO   LOW. 

Caisk  5.     Field  magnetism  weak. 

This  has  the  ell'ect,on  a  constant -voltaxre  circuit,  of  makintr  u 
motor  run  too  fast  if  lightly  loaded,  or  too  slow  if  heavily  loaded, 
or  even  run  backwards  if  the  iield  magnet  is  not  excited  at  all,  as. 
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for  example,  when  the  field  circuit  is  broken.  It  makes  a  genera- 
tor fail  to  "build  up''  or  excite  its  field,  or  give  the  proper  voltage 
in  any  case. 

Symptom  and  Remedy  the  same  as  in  case  of  "Sparking," 
Cause  8.  (See  the  following  Cause;  also  "Dynamo  Fails  to  Gen- 
wate  *) 

Cajjse  G.     Too  high  or  too  low  voltage  on  the  circuit. 

Symptom.  Tliis  would  cause  a  motor  to  run  too  fast  or  too 
slow,  respectively.  It  can  be  shown  by  measuring  the  voltage  of 
the  circuit. 

Remedy.  Tlie  central  station  or  generating  plant  should  be 
notified  that  voltage  is  not  right. 

SPEED  TOO  HIGH. 

Cause  7.     Motor  too  lightly  loaded. 

Symitom.  a  series-wound  motor  on  a  constant-potential  cir. 
cnit  runs  too  fast,  and  may  speed  up  to  the  bursting  point  if  the 
load  is  very  much  reduced  or  removed  entirely  (by  the  breaking 
of  the  belt,  for  example). 

Remedy.  Care  should  be  exercised  in  usincr  a  series  motor 
on  a  constant-potential  circuit,  except  where  the  load  is  a  fan, 
pump,  or  other  machine  that  is  2>osltively  connected  or  geared  to 
Ae  motor  so  that  there  is  no  danger  of  its  being  taken  off.  A 
shunt  motor  should  be  used  if  the  load  is  likely  to  be  thrown  off. 

Vill.     MOTOR  STOPS  OR  FAILS  TO  START. 

This  is  an  extreme  case  of  the  previous  class  (*'Sj)eed  Too 
Bigh  or  Too  Low"j,  but  is  separated  because  it  is  more  definite 
'^d  permits  of  quicker  diagnosis  and  treatment.  This  heading 
does  not,  of  course,  apply  to  generators,  since  any  trouble  in 
^tting  these  in  motion  is  usually  outside  of  the  machine  itself. 

Cause  1.     Great  overload. 
.  A  slight  overload  causes  motor  to  run  slowly,  but  an  extreme 
overload    will,  of  course,   stop    it   entirely   or   ''stall"  it.     (See 
**  Sparking,"  Cause  1.) 

Symptom.  On  a  constant-potential  circuit  the  current  is 
excessive,  and  safety-fuse  blows  or  circuit- breaker  o|>ens.  In 
their  absence  or  failure,  armature  is  burnt  out. 

Seicedt.    Turn  oil  switch  instantly,  re  luce  or  take  off  the 
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load,  replace  the  fuse  or  circuit-breaker,  if  necessary,  and  turn  on 
current  again  just  long  enough  to  see  if  trouble  still  exists;  if 
so,  take  off  more  load. 

Cause  2.  Very  excessive  friction  due  to  shaft,  bearings, 
or  other  parts  being  jammed,  or  armature  touching  pole  pieces. 

Symptom.  Similar  to  previous  case,  but  distinguished  from 
it  by  the  fact  that  the  armature  is  hard  to  turn  even  when  load 
is  taken  off.  Examination  shows  that  the  shaft  is  too  large  or  is 
bent  or  rough,  that  the  bearing  is  too  tight,  that  the  armature 
touches  pole  pieces,  or  that  there  is  some  other  impediment  to 
free  rotation.     (See  "  Heating  of  Bearings"  and  "  Noise.") 

Remedy.  Turn  current  off  instantly,  ascertain  and  remove 
the  cause  of  friction,  turn  on  the  current  again  just  long  enough 
to  see  if  trouble  still  exists  ;  if  so,  investigate  further. 

Cause  3.     Circuit  open. 

This  may  be  due  to  (a)  safety-fuse  blown  or  circuit- breaker 
open  ;  (J)  wire  in  motor  broken  or  slipped  out  of  connections  ; 
(t^)  brushes  not  in  contact  with  commutator  ;  [d)  switch  open  ; 
(e)  circuit  supplying  motor  open  ;  (^ )  failure  at  generating  plant. 

Symitom.  Distinguished  from  causes  1  and  2  by  the  fact 
that  if  the  load  is  taken  off,  the  motor  still  refuses  to  start,  and 
yet  armature  turns  freely. 

On  a  constant-potential  circuit  the  field  circuit  alone  of  a  shunt 
motor  may  be  open,  in  which  case 'the  pole  j)ieces  are  not  strongly 
magnetic  when  tested  with  a  ])iece  of  iron,  and  there  is  a  danger- 
ously heavy  current  in  the  armature  ;  if  the  armature  circuit  is  at 
fault,  there  is  no  spark  when  the  brushes  are  lifted  ;  and  if  both 
are  without  current,  there  is  no  sj)ark  when  switch  is  opened.  One 
should  be  very  careful  if  there  is  no  field  magnetism  or  even  if  it 
is  weak,  as  a  motor  is  liable  to  be  burnt  out  if  the  current  is  then 
thrown  upon  the  armature. 

Remedy.  Turn  current  off  instantly.  Examine  safety- fuse 
circuit-breaker,  wires,  brushes,  switch,  and  circuit  generally,  for 
break  or  fault.  If  none  can  be  found,  turn  on  switch  again  for  a 
moment,  as  the  trouble  may  have  been  due  to  a  temporary  stoppage 
of  the  current  at  the  station  or  on  the  line.  If  motor  still  seems 
dead,  test  separately  armature,  field  coils,  and  other  parts  of  circuit 
for  continuity  with  a  magneto  or  a  cell  of  battery  and  an  electric 
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bell,  to  see  if  there  is  any  break  in  the  circuit.  (See  "  Instructions 
forTestiug.") 

Oue  of  the  simplest  ways  to  find  whether  the  circuit  has  cur- 
Teat  on  it  and  to  locate  any  break,  is  to  test  through  an  incandes- 
cent lamp.  Two  or  five  lamps  in  series  should  be  used  on  220- 
aiid  500-volt  circuits,  respectively. 

Cause  4.  Wrong  connection  or  complete  short  circuit  of 
field,  armature,  switch,  etc. 

Symptom.  •  Distinguished  from  Causes  1  and  2  in  the  same 
"wiyaa  Cause  3,  and  differs  from  Cause  3  in  the  evidence  of  strong 
current  in  motor. 

On  a  constant-potential  circuit,  if  current  is  very  great,  it  in- 
dicates a  short  circuit.  If  the  field  is  at  fault,  it  will  not  be 
strongly  magnetic. 

The  possible  complications  of  wrong  connections  are  so  great 
that  no  exact  rules  CAn  be  given.  Carefully  examine  and  make  sure 
of  the correc'tness  of  all  connections  (see  Diagrams  of  Connections). 
Ilis  trouble  is  usually  inexcusable,  since  only  a  competent  person 
should  ever  set  up  a  mj^chine  or  change  its  connections. 

In  the  3-wire  (220-volt  direct-current)  system,  several  peculiar 
conditions  may  exist,  as  follows: 

(<?)     The  dynamo  or  dynamos  on  one  side  of  the  system  may 
become  reversed,  so  that  both  of  the  outside  wires  are  j)ositive  or 
negative.     In  that  case  a  motor  fed  in  the  usual  way  from  the  two 
outside  conductors  will  get  no  current,  but  lamps  connected  be- 
tween the  neutral  wire  and  either  of  the  outside  wires  will  burn 
as  usual. 

(J)  If  one  of  the  outside  wires  is  o])tm  by  the  blowing  of  a 
fuse,  an  accidental  break,  or  other  cause,  then  a  motor  (220-volt) 
beyond  the  break  can  get  some  current  at  110  volts  through  any 
lamps  that  may  be  on  the  same  side  of  the  break  as  itself,  and  on 
the  same  side  of  the  system  as  the  conductor  that  is  oj)en.  These 
lamps  will  light  up  when  the  motor  is  connected,  but  the  motor 
will  have  little  or  no  power  unless  the  number  of  lamps  is  large. 
(<?)  If  the  neutral  or  middle  wire  is  open,  a  motor  connected 
with  the  outside  wires  will  run  as  usual;  but  lamps  on  one  side  of 
the  system  will  burn  more  brightly  than  those  on  the  other  side, 
unless  the  two  sides  are  perfectly  balanced. 
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(rf)  If  one  of  the  outside  wires  becomes  accidentally  ground- 
ed, a  110- volt  dynamo,  motor,  or  other  apparatus,  also  grounded 
and  connected  to  the  other  outside  wire,  will  receive  220  volts, 
which  will  probably  burn  it  out. 

IX.     DYNAMO  FAILS  TO  GENERATE. 

This  trouble  is  almost  always  caused  by  the  inability  of  a  dy- 
namo to  "excite"  or  ''build  up"  its  field -magnetism  sufficiently. 
The  proper  starting  of  a  self -exciting  dynamo  requires  a  certain 
amount  of  residual  magnetism,  which  must  be  increased  to  full 
strength  by  the  current  generated  in  the  machine  itself.  This 
trouble  is  not  likely  to  occur  in  a  separately -excited  machine;  and 
if  it  does  it  is  usually  due  to  the  exciter  failing  to  generate,  and 
therefore  amounts  to  the  same  thing. 

Cause  1.     Residual  magnetism  too  weak  or  destroyed. 

This  may  Ix^  due  to  [a)  vibration  or  jar;  (J)  proximity  of  an- 
other dynamo;  [r)  earth's  magnetism;  [d)  accidental  reverscnl 
current  through  fields,  not  enough  to  completely  reverse  magnet- 
ism. The  complete  reversal  of  the  residual  magnetism  in  any 
dynamo  will  not  prevent  its  c^enerating,  but  will  only  make  it 
build  up  of  opposite  polarity.  Sometimes  reversal  of  residual 
ma(£netisni  may  be  very  ol)it'ctional>le,  as  in  case  of  charcring  stor- 
age  batteries;  but,  although  thy  popular  supposition  is  to  the  con- 
trary, it  will  not  cause  the  machine  to  fail  to  crenerate. 

SvMiToM.  Little  or  no  magnetic  attraction  when  the  jx>le 
])ieces  are  testi^l  with  a  piece  of  iron. 

IIemedv.  Send  a  niaij^uetizin^  current  from  another  machine 
or  battery  through  the  field  coils,  then  start  and  try  the  machine;  if 
this  fails,  apply  the  current  in  the  op[)Osite  direction,  sinc^  the 
magnets  may  have  enough  polarity  to  prevent  the  battery  building 
them  up  in  the  direction  first  tried. 

bhift  tlie  brushes  backward  in  a  generator,  or  forward  in  a 
motor  to  make  armature  matrnetism  assist  field.  Turn  machine 
around  or  chanrro  its  polarity,  so  that  the  magnetism  which  tlie 
earth  or  the  adjacent  niaehine  ttMids  to  induce  is  in  the  riirht 
direction.  Dynamos  should  be  ])laee(l  with  their  opposite  ])oles 
toward  each  other,  and  the  north  pole  of  a  machine  should  prefer- 
ably be  placed  toward  the  north  (which  is  magnetically  the  south 
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pole  of  the  earth);  but  the  earth's  magnetism  is  hardly  strong 
enough  to  reverse  a  dynamo's  residual  magnetism. 

Cause  2.  Reversed  connections  or  reverse  direction  of  rota- 
tion. 

Symptom.  When  running,  pole  pieces  show  no  attraction  for 
a  piece  of  iron.  The  application  of  external  .current  cannot  be 
made  to  start  the  machine,  as  in  case  of  Cause  1,  because,  which- 
ever way  the  field  may  be  magnetized,  the  resulting  current 
generated  by  armature  opposes  and  destroys  the  magnetism. 

Remedy,  [a)  Reverse  either  armature  connections  or  field 
connections,  but  not  both,  {b)  Move  brushes  through  ISO""  for 
2-pole,  90"^  for4-pole  machines,  etc.  [e)  Reverse  direction  of  rota- 
tion. After  each  of  the  above  are  tried,  the  field  may  have  to  be 
built  up  with  a  battery  or  other  current,  since  the  causes  in  this 
case  operate  to  destroy  whatever  residual  magnetism  may  have 
been  present. 

Cause  3.     Short  circuit  in  tlie  machine  or  external  circuit. 

This  applies  to  a  shunt-wound  machine,  and  has  the  effect  of 
preventing  the  voltage  and  the  field  magnetism  from  building  up. 

Symptom.     Magnetism  weak,  but  still  quite  perceptible. 

Remedy.  If  the  short  circuit  is  in  the  external  circuit,  open- 
ing the  latter  will  allow  the  dynamo  to  build  up  and  generate 
full  voltage.  If  the  short  circuit  is  within  the  machine,  it  should 
be  found  by  careful  insj)ecti()n  or  testing.  In  either  of  these  cases, 
do  not  connect  the  external  circuit  until  short  circuit  is  found  and 
eliminated.  A  slight  short  curcuit,  such  as  that  Ciiused  by  a 
defective  lamp  socket  or  by  copper  dust  on  the  brush -holder  or 
commutator,  may  prevent  the  magnetism  of  a  shunt  machine  from 
building  up.  (See  '^Sparking,"  Causes  5  and  8.)  Too  many 
lamps,  or  other  load,  might  prevent  a  shunt  dynairio  from  building 
up  its  field  magnetism,  in  which  case  the  load  should  Ije  discon- 
nected in  starting. 

Cause  4.     Field-coils  opposed  to  each  other. 

Symptom.  Upon  passing  a  current  from  another  dynamo  of 
a  battery  the  following  symptom  will  exist :  If  the  pole-pit*ces  of  a 
bipolar  machine  are  approached  with  a  coni[)ass  or  other  freely 
suspended  magnet,  they  both  attract  the  same  end  of  the  magnet, 
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MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY  111 

Cause  (>.     Brushes  not  in  proper  position. 

Symptom.  The  magnetism  and  current  are  increased  by 
Aifting  the  brushes. 

Rkmedy.  It  often  happens  that  the  brushes  are  not  set  at  the 
proper  point;  in  fact,  they  may  be  set  exactly  wrong,  so  that  the 
dynamo  is  incapable  of  generating  any  current  whatever.  This 
trouble  is  mainly  due  to  the  fact  that  the  proper  position  for  the 
brashes  is  not  the  same  for  all  kinds  of  machines.  Almost  all 
ring  armatures  and  many  drum  armatures  rerjuire  the  brushes  to 
be  set  opposite  the  spaces  between  the  pole-pieces.  But  most  ar- 
matures are  wound  so  that  the  brushes  must  be  set  nearly  90' 
from  this  j>osition,  or  opposite  the  center  of  the  poles.  Some  mul- 
tipolar machines  have  as  many  sets  of  brushes  as  there  are  pole 
pieces;  while  others  have  armatures  that  are  cross -connected,  or 
have  the  conductors  arranged  in  series  so  that  only  two  sets  of 
brashes  are  required.  Four- pole  machines  with  only  two  brushes 
require  them  to  be  set  at  90';  G-pole  machines,  either  (50^  or  ISO''; 
S-pole,  either  45"  or  135^;  lO-pole,  either  m\  UW,  or  180';  12- 
pole,  either  30\  90\  or  130^;  and  16.pole,  either  22^^  67J^  112'^, 
or  157^^;  and  so  on. 

The  fact  is,  that  the  pro|)er  position  of  the  brushes  depends 
upon  the  j)articular  winding,  internal  connections,  etc.,  and  no  (me 
should  ever  assume  to  know  ichere  to  set  the  hrushes  unless  he  is 
perfectly  familiar  with  the  particular  type  of  machine.  A  blue 
print  or  other  definite  instructions  should  always  be  obtained  and 
followed;  and,  if  these  are  not  available,  the  matter  may  l)e  deter- 
mined by  careful  trial.  The  proper  position  of  brushes  is  the  same 
for  dynamos  and  motors,  except  that  in  the  former  the  brushes  are 
given  a  forward  lead,  that  is,  shifted  a  little  in  the  direction  of 
rotation,  whereas  motor  brushes  should  be  set  a  little  backward. 
This  shiftinjj  is  necessitated  bv  the  armature  reaction  or  tlu^  wvact- 
netizin^r  eifect  of  the  armature  current,  which  distorts  the  field 
macxnetism. 

The  positions  and  number  of  hrushes  for  each  11  nd  of  arma- 
ture are  show  in  Fig.  67,  which  shows  also  the  arranf/f/zu^nts  of  cir- 
cuits in  each  of  the  leading  types. 

A  is  the  armature  for  the  ordinary  two-pole  machine,  and  may 
be  drum-  or  ring- wound.     The  current  enters  from  the  positive 
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[>iTi8h,  passes  around  both  sides  of  the  armature,  and  out  through 
tlie  negative  brush.     Hence  this  is  called  a  ^'  two-circuit "  arma- 


B  is  a  plain  armature  used  in  a  4-pole  machine.  As  there 
are  here  two  more  poles,  it  is  necessary  to  use  two  more  brushes 
to  collect  the  current.  This  gives  two  brushes  through  which 
current  enters,  and  two  through  which  it  leaves ;  consequently 
each  pair  of  brushes  must  be  joined  in  multiple  in  order  to  carry 
all  the  current  to  the  mains. 

C  is  a  4-pole  armature  in  which  the  additional  currents  are 
carried  across  to  the  first  pair  of  brushes  by  means  of  connections 
through  the  center  of  the  armature.  Therefore,  the  entire  current 
maybe  taken  off  by  these  brushes  ;  or  two  more  may  be  added  to 
divide  the  work,  in  which  case  they  must  also  be  connected  in 
multiple  to  the  first  pair,  as  in  case  B  above. 

With  either  B  or  C,  since  there  are  two  parts  of  the  armature 
winding  under  the  influence  of  different  magnets,  but  running  in 
parallel  to  the  mains,  it  is  evident  that  if  the  pressure  of  the  cur- 
rent in  one  part  of  the  winding  is  weaker  than  in  the  other, 
through  inequality  of  the  magnets  or  otherwise,  it  will  short-cir- 
cuit the  other  part  of  the  winding  and  work  badly. 

This  cannot  occur  in  A,  because  both  parts  of  the  winding 
W6  influenced  by  the  two  ends  of  a  single  magnet. 

D  is  a  4-pole  armature  in  which  the  windings  do  not  connect 
together  in  parallel  but  in  series^  thus  overcoming  the  objection 
*bove.  It  has  a  ring- winding,  and  each  coil  is  connected  to  the 
one  diametrically  opposite.  An  examination  will  show  that 
though  the  poles  alternate,  the  wire  is  all  arranged  so  that  the  cur- 
rent flows  in  a  single  pair  of  circuits,  as  in  A.  This  also  permits 
of  the  use  of  larger  wire  and  fewer  turns,  as  they  are  connected  in 
series  instead  of  multiple. 

£  is  a  drum  armature  all  in  series,  as  in  the  case  of  D.  In- 
spection will  show  that  the  actions  of  each  of  the  four  jwles  on  all 
the  bars  harmonize,  or  cause  the  current  to  flow  in  the  same 
direction. 

To  facilitate  tracing  the  course  of  the  current,  the  arrange- 
ment is  represented  with  the  smallest  possible  number  of  bars 
Hany  more  are  used  in  practice. 


4Afi 


114  MANAGEMENT  OF  DYNAMO-ELECTKIC  MACHINERY 

F  18  a  series  drum  armature  for  eight  poles.  The  principle  is 
the  same,  but  the  limit  of  brush  adjustment  is  smaller.  The  en- 
tire range  from  zero  to  full  E.  M.  F.  is  covered  by  moving  the 
brush  one-eighth  of  the  circumference. 

As  the  winding  is  all  in  series,  two  brushes  only  are  neces- 
sary; but  as  many  more  as  desired  may  be  added  between  the 
other  poles,  and  then  connected  in  multiple  to  the  first  ones.  This 
is  usually  taken  advantage  of,  because  a  single  pair  of  brushes 
would  become  heated  from  carrying  excessive  current;  but  the  dif- 
ficulty of  one  part  of  the  armature  short-circuiting  the  other  can- 
not occur,  because  each  part  of  the  winding  is  under  the  influence 
of  all  the  poles. 

X.  VOLTAGE  OF  GENERATOR  NOT  RIGHT 

VOLTAQE  TOO  LOW. 

Cause  1.     Speed  too  low.     (See  "Speed  not  Right.'') 

Remedy.  Increase  speed  of  the  prime  mover,  if  possible; 
when  this  cannot  be  done,  decrease  the  diameter  of  the  driven 
pulley  or  increase  the  diameter  of  the  driving  pulley,  preferably 
the  latter. 

Caisk  2.     Field  magnetism  weak. 

SvMrroM  AND  Remedy.      (See  ••'  Sparking,"  Cause  8.) 

Cai  sE  3.     Brushes  not  in  proper  position. 

SYMrroM  AND  Remedy.     (See  '*  Sparking,"  Cause  2.) 

Cause  4.     Machine  overloaded. 

SYMrroM  AND  Remedy.  (See  *' Sparking,"  Cause  1  and 
'' Speed  not  Right,"  Cause  1);  also  increase  field  excitation,  if 
j)OssiI)le. 

Caltse  5.     Short-circuited  armature  coll  or  coils. 

Symitom  and  Remedy.     (See  ''Sparking,"  Cause  5.) 

Cause  G.     Reversed  armature  coil  or  coils. 

Symptom  and  Remedy.     (See  '^  Sparking,  "  Cause  5.) 

VOLTAGE  TOO  HIGH. 

Cause  7.     Speed  too  high. 

Remedy.     Apply  the  reverse  of  treatment  given  in  Cause  1. 

Cause  8     Field  magnetism  too  powerful. 

Remedy.  Increase  resistance  of  shunt  field  circuit,  by  means 
of  a  shunt  field  rheostat. 
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Cause  9.     Machine  Compounds  too  much. 

Remedy.     Decrease  resistance  of  series  field  shunt. 
(See  Compound -wound  Dynamos,  page  25,  Part  I.) 
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INSTALLING   THE   DYNAMO. 

Dynamos  should  be  located  in  a  dry  place  so  situated  that 
the  surrounding  atmosphere  is  cool.  If  the  surrounding  air  is 
warm,  it  reduces  the  safe  carrying  capacity  of  the  machine  and  is 
likely  to  allow  such  temperature  to  rise  in  the  machine  itself  as  to 
burn  out  either  armature  or  field,  or  l)oth.  A  dynamo  should  not 
be  installed  where  any  hazardous  process  is  carried  on,  nor  w^here 
it  would  be  exposed  to  inflammable  gases  or  flying  combustible 
materials,  as  the  liability  to  occasional  sparks  from  the  commuta- 
tor or  brushes  might  cause  serious  explosions. 

Wherever  it  is  possible,  dynamos  should  be  raised  or  insu- 
lated above  the  surrounding  floor,  on  wooden  base  frames,  which 
should  be  kept  filled  to  prevent  the  absorption  of  moisture,  and 
also  kept  clean  and  dry.  When  it  is  impracticable  to  insulate  a 
dynamo  on  account  of  its  great  weight,  or  for  any  other  reason, 
the  Inspection  Department  of  the  Board  of  Fire  Underwriters 
having  jurisdiction  may,  in  writing,  permit  the  omission  of  the 
wooden  base  frame,  in  which  case  the  frame  should  be  permanent- 
ly and  effectively  grounded.  When  a  frame  is  grounded,  the  in- 
sulation of  the  entire  system  depends  upon  the  insulation  of  the 
dynamo  conductors  from  the  frame,  and  i-f  this  breaks  down  the 
system  is  grounded  and  should  be  remedied  at  once. 

Qroundlns:  Dynamo  Frames  can  be  effectually  done  by 
firmly  attaching  a  wire  to  the  frame  and  to  any  main  water  pipe 
inside  the  building.  The  wire  should  be  securely  fastened  to  the 
pipe  by  screwing  a  brass  plug  into  the  pipe  and  soldering  the  wire 
to  this  ping.  When  the  dynamo  is  direct  driven,  an  excellent 
ground  is  obtained  through  the  engine  coupling  and  the  piping  of 
the  engine  and  boiler. 

Wherever  high-potential  machines  have  their  frames  ground- 
ed, a  small  board  walk  should  be  built  around  them  and  raised 
above  the  floor,  or  porcelain  on  glass  insulators,  in  order  that  the 
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dynamo  tender  may  be  protected  from  a  shock  when  adjusting 
brushes  or  working  about  the  machine. 

Sufficient  space  should  be  left  on  all  sides  of  the  dynamo  and 
especially  at  the  conmiutator  end,  so  that  there  may  be  ample 
room  for  removing  armatures,  commutators,  or  any  other  parts  at 
any  time. 

Circuit  Breakers  and  Fuses*  Every  constant-potential  gen- 
erator should  be  protected  from  excessive  current  by  a  safety  fuse 
or  equivalent  device  of  approved  design,  in  each  wire  lead,  such 
as  a  circuit  breaker.  The  latter  is  preferable,  on  account  of  its 
being  immeasurably  more  accurate  and  convenient  for  resetting. 
Such  devices  should  be  placed  on  or  as  near  as  possible  to  the 
dynamo.  When  the  needs  of  the  service  make  these  devices  im- 
practicable, the  Inspection  Department  having  jurisdiction  may, 
in  writing,  modify  the  requirements. 

The  best  practice  is  to  place  the  fuses  on  the  dynamo  itself, 
and  the  circuit  breakers  on  the  switchboard. 

Waterproof  Covers  should  be  provided  for  every  dynamo 
and  placed  over  each  machine  as  soon  as  it  is  shut  down.  Negli- 
^(Mico  in  this  mutter  lias  caused  many  an  armature  and  field  coil 
to  burn  out,  as  only  a  few  droj)s  of  water  are  necessary  to  cause  a 
short  circuit  as  soon  as  the  nuichine  is  started  up  again,  which 
nii^ht  do  many  dolhirs'  worth  of  damage,  to  say  nothing  of  the 
inc'onvenience  eauscnl  by  shutting  off  light  or  power  when  it  is 
most  needed,  and  for  an  indefinite  length  of  time. 

Name-Plates.  Every  dynnmo  should  be  provided  with  a 
nanie-j)late,  giving  tln^  maker's  name,  the  capacity  in  volts  and 
amperes,  and  the  normal  speed  in  revolutions  per  minute.  This 
will  show  exactly  what  the  machine  was  designed  for,  and  how  it 
should  be  run. 

Wiring  from  Dynamos  to  switchboards  should  be  in  plain 
sight  or  readily  accessible,  and  should  bo  supported  entirely 
upon  non-conil)ustil)le  insulators,  such  as  glass  or  porcelain ;  in  no 
case  should  any  wire  come  in  contact  with  anything  except  these 
insulators,  and  the  terminals  u])on  the  dynamos  and  switchboards. 
When  it  becomes  necessary  to  run  these  wires  through  a  wall  or 
floor,  the  holes  must  be  protected  by  some  approved  non-combus- 
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tible  insulating  tube,  such  as  glass  or  porcelain,  and  in  every  case 
the  tube  must  be  fastened  so  that  it  shall  not  slip  or  pull  out. 
Sections  of  any  tubing,  wlu'ther  armored  or  otherwise,  that  are 
chopped  off  for  this  purpose,  should  not  be  used.  All  wires  for 
dynamos  and  switchboard  work  should  be  kept  so  far  apart  that 
there  is  no  liability  of  their  coming  in  contact  with  one  another, 
and  should  be  covered  with  non-inflammable  insulating  material 
sufficient  to  prevent  accidental  contact,  except  that  bus  bars  may 
be  made  of  bare  metal  so  that  additional  circuits  can  be  readily 
attached.  Wires  must  have  ample  carrying  capacity,  so  as  not  to 
heat  with  the  maximum  current  likely  to  flow  through  them  under 
natural  conditions.  (See  "Capacity  of  Wires  Table,"  page  37.) 
So  much  trouble  in  past  years  has  arisen  from  faulty  construction 
of  8witchlK)ards,  and  the  apparatus  placed  upon  them,  that  strict 
requirements  have  been  necessarily  adopted  by  engineers  as  well 
as  insurance  inspectors,  and  the  following  suggestions  are  recom- 
mended by  the  latter : 

The  Switchboard  should  be  so  placed  as  to  reduce  to  a  min- 
imum the  danger  cf  communicating  fire  to  adjacent  combustible 
material,  and,  like  the  dynamo,  should  be  erected  in  a  dry  place 
and  kept  free  from  moisture.  It  is  necessary  that  it  should  l)e 
accessible  from  all  sides  when  the  wiring  is  done  on  the  back  of 
the  board,  but  it  may  be  j)laced  against  a  brick  or  stone  wall  when 
all  wiring  is  on  the  face. 

The  board  should  be  const  ructcMl  whollv  of  n  on -combustible 
material,  but  when  this  is  impossible  a  hard-wood  board  made  in 
skeleton  fonn,  and  well  filled  to  prevent  al)sorption  of  moisture,  is 
considered  safe.  Every  insfruni(»iit,  switch  or  apparatus  of  any 
kind  placed  upon  the  switchboard  should  have  its  own  non-com- 
bustible insulating  base.  This  is  rcciiiircd  of  cverv  j)iece  of  ap- 
paratus connected  in  anv  wav  with  anv  circuit.  If  it  is  found 
impossible  to  place  the  resistance  l)ox  or  regulator  (which  should, 
in  every  case,  be  made  entirely  of  non-cornbustible  material)  u[)on 
the  switchboard,  it  must  be  j)laced  at  h^ast  one  foot  from  com- 
bustible material  or  sc*f)arated  therefrom  by  a  non-inflammable, 
non-absorptive  insidating  material.  A  slate  slab  is  })reforable. 
Special  attention  is  called  to  the  fact  that  switchlx)ards  should  not 
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be  lidilt  down  lo  Ihp  dour,  nor  up  to  the  coiling,  bnt  a  »pace  di  it 
le*st  Wa  nr  twolrc  incbt^  should  be-  left  Letwn-ii  ib(>  Hour  and  tlir 
board,  an')  from  ciglilocn  to  iwc&tj-fuur  iiiclu.>6  lelwi«D  tlie  ml- 
tDg  uud  .tie  WtHTfi,  in  onlcr  to  ]>rcvoiit  lirr-  fmm  rouimiuiicaibig 
fr>MU  tb4.'  ftwitelilMiard  lo  thi?  floor  or  oi-iltng,  mid  it\m  to  pKTuut 
cpace  beingusc^  for  ftomjn*  of  rubbisli  ■□<]  oilv  wank-. 

UfhtniDf  Arroters  sUould  be  uiUvbcd  to  i-ucli  side  of  evm 
overfaead  circuii.  uiDm-eitMl  with  tlte  malion. 

It  U  »w»Bimi?nilwI  lo  all  Blectric  ligbt  and  power  oomiiwiiB* 
Uiat  Brmlvr>t  Iw  comtucltil  at  iutervidji  ovt?r  sy^cou  la  sucli  awf 
brm  and  ao  tocnicd  ma  to  prevent  ordinary  diicbnrgvji  eclenng 
(onT  tlK>  wires)  bnildiuga  coiiuwkhI  to  tbt^  lint^  IVr  dtouU 
be  located  in  rmdily  arcuseiblv  plaa^s  anay  from  comba>itib1r  toft 
teriiitis  Htid  ii«  nt-ar  a»  practicable  to  the  point  where  ibe  wiro 
enter  ibe  building. 

Staiiim  arresters  should  graerall^'  be  placM  ia  jJaio  ngbt 
OQ  ih«  switehlnard.  In  all  ca»a»,  kinks,  eoile  and  sli&rp  hca3s  a 
th49  vnrvs  lielwern  the  am^tcrs  and  tlie  mitiloor  linw  slwnW  l* 
avoidei)  oa  I'flr  as  possible.  Anvstent  should  be  eonut^l^i  uitbl 
thiin<iiehly  c<»o.i  ami  permanent  prtmnd  connection  by  mdiU* 

>'■  !;.  A-  S.  i^.j.j-T  \vin\  iuiil  niiiiiiuL'  :i^  lu-arly  :.^  [t.i--Llili'  iu  « 
Btraiglit  line  from  ibe  arresters  to  ibe  eartb  eoiirnrlinn. 

Ground  wires  for  lightning  arresters  shcilld  th-i  U-  aiimW 
togas  pi|>p:$  niihin  the  buildings. 

It  Li  often  desirable  to  inlro<]n(v  a  cli-'ke  coil  in  iiri'«i'  l"" 
tween  the  arresters  and  llie  dynamo.  In  im  caM-  ■*liiiiiM  ll"' 
ground  wire  from  a  ligbtnini;  arrester  U>  [mt  into  imii  [lii"-^.  s^ 
these  would  tend  to  impede  the  diseharpe. 

Unless  a  pMid.  damp  gmnnd  is  \\ff>\  in  eonnecti'ni  ^''i'l'  ^'' 
lightning  arrrsters.  they  ai«  praetieally  ii^'le".  (iromi'i  i'"*' 
■Dections  sbi^ild  he  of  (he  most  approved  i"on>imefioti,  itioi  ?homa 
be  made  where  j-icrmanently  damp  eanh  can  U-  (x.nvpiiici'I* 
rradird.  For  a  bank  of  arresters  sni-h  as  is  emnni'mly  f'l'in'l '° 
a  powfT  ho!i$e,  the  following  intHnHiions  will  1b>  f.niiul  valimW'"' 
First,  dig  a  bole  six  fw>t  square  directly  tin.bT  ihr  .irrrsH'r^,  ""I'l 
permaneDtly  damp  parth  has  l>een  rpaclwi;  ^t I.  c.vir  iln'  '■•' 
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torn  of  this  hole  with  two  feet  of  crushed  coke  or  charcoal  (about 
pea  size)  ;  third,  over  this  lay  twenty-live  square  feet  of  Xo.  IG 
copper  plate;  fourth,  solder  at  least  two  ground  wires,  which 
should  not  be  smaller  than  Xo.  (>,  securely  across  the  entire  sur- 
face of  the  ground  plate;  fifth,  now  cover  the  ground  plate  with 
two  feet  of  crushed  coke  or  charcoal ;  sixth,  fill  in  the  hole  with 
earth,  using  running  water  to  settle. 

All  lightning  arresters  should  be  mounted  on  non-combustib>S 
bases  and  be  so  constructed  as  not  to  maintain  an  arc  after  the 
discharge  has  passed ;  they  should  have  no  moving  parts. 

Testing  of  Insulation  Resistance.  All  circuits  except  those 
l)ermanently  grounded  should  be  j)rovided  with  reliable  ground 
detectors.  Detectors  which  indicate  continuouslv  aiul  <^ive  an  in- 
stant  and  permanent  indication  of'  a  ground  are  preferable. 
Ground  wires  from  detectors  should  not  ho  attached  to  gas  pipes 
within  the  building. 

Where  continuously  indicating  <letectors  ani  not  feasible,  the 
circuits  should  ])C  tested  at  least  once  ])(*r  day. 

Data  obtained  from  all  tests  should  be  preserved  for  examin- 
ation. 

Storage  or  Secondary  Batteries  should  be  installed  with  as 
much  care  as  dynamos,  and  in  wiring  to  an<l  from  them  the  same 
precautions  and  rules  should  be  a<loj)ted  for  safety  an<l  the  pre- 
vention of  leaks.  The  room  in  which  they  an^  placed  should  be 
kept  not  only  dry,  but  exceptionally  well  aired,  to  carry  off  all 
fumes  which  are  bound  to  arise.  The  insulators  for  the  supjiort 
of  the  secondary  batteries  shouhl  be  glass  or  porcelain,  as  tilled 
wood  alone  would  not  l)e  approved. 

Cara  of  Dynamos.  A  few  suggestions  as  to  tlie  caro  of  the 
dynamo,  as  well  as  its  installation,  may  be  of  value ;  an<l  one  of  the 
important  points  under  this  head  is  that  the  driving  ])ower  shouV^ 
have  characteristics  of  steadiness  and  regularity  of  speed,  and 
should  alwaviJ  be  sufficient  to  drive  the  <lvnamo  with  its  full  loa<l, 
besides  doing  the  other  ^vork  which  it  may  ho  called  upon  to  sus- 
tain. TJnsatisfaetory  results  are  always  ol)tained  by  attemj)ting 
to  run  a  dynamo  on  an  overloaded  (uigine. 
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Wooden  bed-plates  are  supplied,  when  ordered,  for  all  dyna- 
mos, except  in  the  largest  and  direct-connected  machines. 

Most  machines  arc  fitted  with  a  ratchet  and  screw  bolt,  so 
that  they  may  be  moved  backward  or  forward  on  the  bed-plate  in 
a  direction  at  right  angles  to  the  armature  shaft.  By  this  means 
the  driving  belt  can  be  tightened  or  loosened  at  will,  while  the 
machine  is  in  operation.  Care  should  be  .taken  in  tightening  the 
belt  not  to  bind  the  bearings  of  the  armature  and  force  the  oil 
from  between  the  surfaces  of  the  shaft  and  boxes.  Such  practice 
will  inevitably  cause  heating  of  the  bearings  and  consequent  in- 
jury. 

Machines  are  usually  assembled,  unless  ordered  otherwise,  so 
that  the  armature  revolves  clock-wise  when  the  observer  faces  the 
pulley  end  of  the  shaft.  All  bipolar  dynamos,  however,  may  be 
driven  in  either  direction  by  reversing  the  brushes  and  changing 
iield  connections. 

The  machine  is  provided  with  a  pulley  of  the  proper  size  to 
transmit  the  power  demanded,  and  a  smaller  one  should  not  be 
substituted  unless  approval  be  obtained  from  the  makers, 

Wlion  drivinc:  from  a  countershaft,  or  when  belted  directly 
to  the  main  shaft,  a  loose  pulley  or  belt  holder  should  be  used,  to 
admit  of  starting  and  stopping  the  dynamo  while  the  shafting  is 
running. 

Belts.  A  thin  double  or  heavy  single  belt  should  be  used, 
about  a  half  inch  narrower  than  the  face  of  the  pulley  on  the  dy- 
namo. An  endless  belt,  one  without  lacing,  gives  the  greatest 
steadiness  to  the  lights. 

All  bolts  and  nuts  should  be  firmly  screwed  down.  All 
nuts  which  form  part  of  electrical  connections  should  receive 
special  attention. 

The  copper  commutator  brushes  are  carefully  ground  to  fit 
the  commutator,  and  they  should  be  set  in  the  holders  so  as  to 
bear  evenly  upon  its  surface.  On  machines  where  two  or  more 
brushes  are  supported  on  one  spindle,  the  brushes  on  the  same  side 
of  the  commutator  must  be  set  so  that  they  touch  the  same  seg- 
ments in  the  same  manner.  The  brushes  on  the  other  side  of  the 
commutator  must  be  set  to  bear  on  the  segments  diametrically 
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opposite.  When  the  brushes  are  not  so  set  it  is  impossible  to  run 
the  machine  without  sparking.  A  convenient  method  of  deter- 
mining the  proper  bearing  point  for  the  brushes  is  to  set  the  toe 
of  one  brush  at  the  line  of  insulation,  dividing  two  segments  of 
the  commutator;  then  count  the  dividing  lines  for  one-half  the 
way  around  the  surface,  and  set  the  other  brush  or  brushes  at  the 
line  diametrically  opposite  the  first.  Thus,  on  the  forty-four 
segment  commutator,  after  setting  the  tip  of  one  brush  at  a  line 
of  insulation,  count  around  twenty-three  lines,  setting  the  other 
brush  at  the  twenty-third  line,  thus  bringing  the  tips  directly  op- 
posite each  other.  The  angle  which  the  brushes  foim  with  the 
surface  of  the  commutator  should  be  carefully  noted,  and  the 
brushes  should  not  be  allowed  to  wear  so  as  to  increase  or  decrease 
this  angle.  Careless  handling  of  the  machine  is  at  once  indicated 
by  the  brushes  being  worn  cither  to  a  nearly  square  end,  or  to  a 
long  taper  in  which  the  forward  wires  of  the  brush  far  outrun  the 
back  or  inside  wires.  Either  condition  will  inevitably  be  attended 
with  excessive  wear  of  both  commutator  and  brushes. 

After  copper  brushes  are  set  in  contact  with  the  commutator, 
the  armature  should  never  be  rotated  backward.  If  it  is  required 
to  turn  the  armature  back,  raise  the  brushes  from  the  commutator 
by  the  thumb  screw  on  the  holder  provided  for  that  purpose,  be- 
fore allowing  such  rotation.  When  starting  a  machine,  it  is  al- 
ways better  to  let  the  brushes  down  upon  the  commutator  after 
the  machine  has  started,  rather  than  before,  except  when  carbon 
brushes  are  used. 

Bearings.  See  that  the  bearings  of  the  machine  are  clean 
and  free  from  grit,  and  that  the  oil  reservoirs  are  filled  with  a 
good  quality  of  lubricating  oil.  The  oil  reservoirs  should  always 
be  examined  before  starting,  and  all  loose  grit  removed.  After 
starting  the  machine,  the  oil  should  be  all  drawn  off  at  the  end  of 
each  day's  run  for  the  first  three  or  four  days,  after  which  it  may  j 
be  assumed  that  any  remaining  grit  has  been  carried  off  with  the 
oil,  and  it  will  only  be  necessary  to  add  a  little  fresh  oil  once  in 
«even  or  ten  davs. 

SUuting  Up  a  Dynamo  or  flotor.  Fill  the  oil  reservoirs 
and  see  that  the  automatic  oiling  rings  are  free  to  move.     In  the 
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case  of  dynamos  fitted  with  oil  cups,  start  the  oil  running  at  a 
moderate  rate.  Too  little  oil  will  result  in  heating  and  injury  of 
the  bearings,  but,  on  the  other  hand,  excessive  lubrication  is  un- 
necessary, wasteful  and  sometimes  productive  of  harm. 

When  the  <lyuamo  is  ready  to  be  started,  place  the  driving 
belt  on  the  pulley  on  the  armature  shaft,  and  then  slip  it  from 
the  l(X)se  pulley  or  belt  holder  on  to  the  driving  pulley  on  the 
countershaft.  Tigliten  the  belt  by  means  of  the  ratchet  on  the 
bed-j)late,  just  sufficiently  to  keep  it  from  slii)])ing.  Care  should 
be  taken  not  to  put  more  pressure  than  is  necessary  on  new  bear- 
ings; carelessness  in  this  respect  is  often  followed  by  heating  of 
the  boxes,  and  possible  i)ernianent  injury. 

The  bruslies  may  now  be  let  down  upon  the  commutaitor,  and 
tlie  magnets  will  be  slowly  energized.  iEove  the  brushes  slowly 
backward  or  forward  by  means  of  the  yoke  handle  until  there  is 
no  sparking  at  the  lower  brushes.  Clamp  the  yoke  in  this  posi- 
tion. If  the  top  brushes  then  spark,  move  them  slightly,  one  at  a 
time,  forward  or  backward  in  the  brush  holder  until  their  non- 
sparking  point  IS  found. 

Tli(^  s])riiig  ])n\ssure  exerted  upon  the  commutator  brushes 
should  be  just  snllicieiit  to  ])roduce  a  good  contact  without  causing 
cutting.  If  the  brushes  cut,  the  commutator  nuist  be  smoothed 
by  the  use  of  saiidpnpcn',  not  emery  cloth. 

1'lu"  dynamo  should  run  without  load,  at  the  s])ee<l  given  l\v 
the  nianiifacturer,  and  this  s])e(Hl  should  be  uniforndy  maintaincMl 
und(M'  all  conditions.  In  the  case  of  incandescent  <lvnanios,  anv 
increase  of  spce<l  above  that  given,  shortens  the  life  of  the  laniDs, 
while  a  variation  below  causes  unsatisfactorv  lic^hts. 

Before  the  load  is  put  on,  the  <lynamo  shouhl  be  tested  for 
])olarily.  This  can  be*  done  by  holding  a  small  pocket  compass 
near  the  liehl  or  ]w»le  ])i('cc.  If  the  <lyiiamo  is  connecte(l  to  be 
run  in  niulliple  willi  another  machine  and  ha])|>ens  to  be  jxdar- 
ized  wrong, it  can  b(^  given  \\w  right  polarity  by  lifting  the  brushes 
from  the  commutator,  closing  the  field  switch  and  then  elosinir 
tlu^  doul>le-])ole  switch  used  to  throw  it  in  multij)le  with  the  other 
machine*,  which  is  supposed  to  be  now  running.  After  the  cur 
rent  has  been  allowed  to  pass  through  the  fields  for  a  few  moments, 
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the  double-pole  switch  can  be  thrown  open,  and  if  a  test  with  the 
compass  is  again  made  tlie  polarity  will  be  found  to  be  right,  and 
llie  dynamo  is  ready  to  be  started  in  the  usual  manner. 

In  starting  for  the  first  time  a  bipolar  dynamo  which  is  to  be 
run  in  niultii)le  wuth  a  spherical  armature  dynamo^  the  above  in- 
structions should  always  be  followed. 

If  the  dynamo  is  to  be  used  in  series  with  another  on  the 
three-wire  system,  and  is  found  to  be  polarized  wrong,  it  can  be 
given  the  right  polarity  by  making  a  temporary  connection  from 
the  positive  brush  of  the  new  machine  to  the  positive  brush  of  the 
machine  already  in  operation;  and  also  a  temporary  connection 
from  negative  brush  to  negative  brush,  having  first  raised  the 
brushes  from  the  commutator  and  closed  the  field  switch.  Keep 
this  connection  for  a  few  minutes,  then  open  the  field  switch  and 
l>reak  the  temporary  connections. 

Another  test  with  the  compass  will  show  that  the  polarity  of 
the  machine  is  now  coiTCct,  and  the  dynamo  is  ready  to  be  started 
in  the  usual  manner. 

Assuming  that  the  lamps  and  lines  are  all  ready,  the  follow- 
ing precautions  must  be  observed  when  starting  the  dynamo: 

Be  very  careful  that  the  brushes  are  properly  set  and  dia- 
metrically opposite  each  other,  as  exj)lained  before. 

Be  sure  that  all  connections  are  securely  made,  and  all  nuts 

on  the  connection  boards  firmlv  set. 

tj 

In  cases  where  two  or  more  dvnamos  are  connected  in  multi- 
pie  by  the  use  of  the  equalizing  connection,  care  should  be  taken 
that  the  circuit  wires  from  both  positive  brushes  are  connected  to 
the  same  side  of  the  main  line,  w^hile  those  from  the  negative  arc 
connected  to  the  other  side. 

A  neat  arrangement  of  the  equalizing  connection  can  be 
made  by  using  triple-pole  sw^itches  on  the  switchboard,  instead  of 
double-pole  switches,  and  making  the  equalizing  connections 
through  the  center  pole  of  the  switch,  instead  of  running  a  cable 
direct  from  one  dynamo  to  the  other.  This  method  is  especially 
desirable  where  three  or  more  dynamos  are  run  in  multiple. 

When  dynamos  are  connected  in  series,  as  in  the  cases  where 
the  three-wire  system  is  in  use,  the  leading  wire  from  the  positive 
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brush  of  one  machine  is  connected  to  the  negative  brush  of  the 
other.  The  other  two  brushes  (negative  and  positive)  are  con- 
nected to  the  main  wire  on  the  outside  of  the  system,  while  the 
third  or  center  wire  is  connected  to  the  conductor  between  the  two 
dynamos. 

Dust  or  Qritty  Substances.  All  insulations  should  be  care- 
fully cleaned  at  least  once  a  day. 

If  any  of  the  connections  of  the  machine  become  heated,  ex- 
amination will  show  that  the  metal  surfaces  are  not  clean  or  not 
in  perfect  contact.  Avoid  the  use  of  water  or  ice  on  the  bearings 
in  case  of  accidentiil  heating,  as  the  water  may  get  to  the  anna- 
ture  and  injure  the  insulation. 

The  Commutator  should  be  kept  clean  and  allowed  to  pol- 
ish or  glaze  itself  while  running.  No  oil  is  necessary,  unless  the 
brushes  cut,  and  then  only  at  the  point  of  cutting.  A  cloth 
slightly  greased  with  vaseline  is  best  for  the  purpose.  Never 
use  sandpaper  on  the  commutator  without  first  lifting  the  brushes. 
Otherwise  the  grit  will  stick  to  the  brushes  and  cut  the  commu- 
tator. 

m 

Brushes.  Care  should  be  taken  to  keep  copper  commutator 
brushes  in  fijood  5^1iiij)e,  and  not  to  allow  them  to  be  worn  out  of 
square;  that  is,  too  nuidi  to  one  side,  so  that  the  end  is  not  worn 
at  right  angles  to  the  lateral  edges. 

When  the  macliine  is  not  running,  the  brushes  should  always 
be  raised  from  the  eomniutator.  The  brnshes  should  be  kept 
carefully  cleaned,  and  no  oil  or  dirt  allowed  to  aceuniulate  upon 
tlieni.  This  can  be  done  by  washing  them  occasionally  in  benzine 
or  in  a  hot  solution  of  soda  iish. 

^fannfaeturers  usually  furnish  a  gauge,  which  should  be 
used  oeeasionallv  to  test  the  wearinc:  of  the  brushes.  If  thev  are 
found  to  be  worn  either  too  flnt  or  too  blunt,  they  should  be  fil(Ml 
in  proper  shape,  or,  l)etter  still,  ground  on  a  grindstone.  Carbon 
brushes  require  less  eare.  Spindles  upon  which  the  brush  holders 
are  arranged  to  slide  should  be  ch^aned  with  emery  cloth  often 
enough  to  ])revent  tarnishing  or  the  collection  of  dirt,  which 
might  cause  heating  by  impairing  the  electrical  connection. 

Brush  holders  that  can  be  moved  laterally  on  the  spindle  by 


ELECTEIC   WIRING  13 

~ I  -    I  ^m^^^^^  —  -        -  —        — ^^M-^i^  11  m 

which  they  are  supported,  should  be  so  arranged  that  the  top  and 
bottom  brushes  will  bear  on  different  parts  of  the  length  of  the 
cummutator,  for  the  purpose  of  distributing  the  wear  more  uni- 
formly. 

In  case  of  a  hot  box  the  most  natural  thing  to  do  is  to  shut 
the  machine  down,  but  this  should  never  be  done  until  the  fol- 
lowing alternatives  have  been  tried  and  failed: 
First — Lighten  the  load. 
Second — Slacken  the  belt. 
Third — Loosen  the  caps  on  the  boxes  a  little, 
Fourth — Put  more  oil  in  bearings. 

Fifth — If  all  the  above  fail  to  remedy  the  heating,  use  a 
heavy  lubricant,  such  as  vaseline  or  cylinder  oil.  Should  the 
heating  then  diminish,  the  shaft  must  be  polished  with  crocus 
cloth  and  the  boxes  scraped  at  the  end  of  the  day. 

Sixth — Under  no  conditions  put  ice  upon  the  bearing,  un- 
less you  are  perfectly  familiar  with  such  a  procedure. 

Seventh — If  it  is  absolutely  necessary  to  shut  down,  get  the 
Wt  off  as  soon  as  possible,  keeping  the  machine  revolving  mean- 
while in  order  to  prevent  sticking,  and  at  the  same  time  take  off 
the  caps  of  the  bearings.  Do  not  stop  the  flow  of  oil  to  the  bear- 
ings. When  the  caps  have  been  taken  off,  stop  the  maeliine  and 
get  the  linings  out  immediately,  and  allow  them  to  cool  in  the  air. 
Do  not  throw  the  linings  into  cold  water,  as  it  is  liable  to  spring 
them. 

Scraping  should  be  done  only  by  an  experienced  person, 
otherwise  the  linings  may  be  ruined.  Polish  the  shaft  with  cro- 
cus cloth,  or,  if  badly  cut,  file  with  a  very  fine  file,  and  afterwards 
polish  with  crocus. 

Wipe  the  shaft,  as  well  as  the  boxes,  very  carefully,  as  per- 
haps grit  has  been  the  cause  of  the  hot  box.  Inspect  the  bearings ; 
see  that  they  are  in  line,  that  the  shaft  has  not  been  sprung,  and 
that  the  oil  collar  does  not  bear  against  the  box. 

Oily  Waste    should  be  kept  in  approved  metal  cans  (made 
entirely  of  metal,  with  legs  raising  them  at  least  three  inches 
above  the  floor  and  with  self-closing  covers),  and  removed  daily. 
A  competent  man  should  always  be  kept  on  duty  where  gen- 
erators are  operating. 
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THE  INSTALLATION  OP  MOTORS. 

All  motors  should  be  insulated  on  floors  or  base  frames,  which 
should  be  kept  filled  to  prevent  absorption  of  moisture ;  also  they 
should  bo  kept  clean  and  dry.^  Where  frame  insulation  is  im- 
practicable, the  Inspection  Department  having  jurisdiction  may, 
in  writing,  permit  its  omission,  in  which  case  the  frame  should  be 
permanently  and  effectively  grounded. 

A  high-potential  machine  which  on  account  of  great  weiglit 
or  for  other  reasons  cannot  have  its  frame  'insulated,  should  bo 
surrounded  with  an  insulated  platform.  This  may  be  of  wood, 
mounted  on  insulating  supports,  and  so  arranged  that  a  man  must 
stand  upon  it  in  order  to  touch  any  part  of  the  machine. 

The  leads  or  branch  circuits  should  be  designed  to  carry  a 
current  at  least  fifty  per  cent  greater  than  that  required  by  the 
rated  capacity  of  the  motor,  to  provide  for  the  inevitable  over- 
loading of  the  motor  at  times,  without  over-fusing  the  wires. 

The  motor  and  resistance  box  should  be  protected  by  a  cut- 
out or  circuit  breaker,  and  controlled  by  a  switch,  the  switch 
plainly  indicating  whether  "on"  or  "off."  Wliero  one-fourth 
horse  power  or  less  is  used  on  low-tension  circuits  a  single-j>ole 
switch  will  1)0  acrc^pfed.  The  switch  and  rheostat  should  bo  lo- 
cated within  siglit  of  the  motor,  except  in  cases  where  special 
permission  to  locate  them  elsewhere  is  given,  in  writing,  by  the 
Inspection  Depart  incut  having  jurisdiction. 

In  connection  with  motors  the  use  of  circuit  breakers,  auto- 
matic starting  boxes  and  automatic  under-load  switches  is  recom- 
mended, wherever  it  is  i)ossil)le  to  install  them. 

iAFotors  should  not  be  run  in  series,  multiple,  or  multiple- 
S(»ries,  except  on  constant-potential  systems,  and  then  only  by 
special  permission  of  the  Inspection  Department  having  juris- 
<liction. 

Like  generators,  they  sliouhl  be  covere<l  with  a  waterproof 
cover  wlien  not  in  use,  and  if  necessary,  should  be  inclosed  in  an 
approved  case. 

^Motors,  when  combined  with  ceiling  fans,  should  be  Inmg 
from  insulated  hooks,  or  there  should  be  an  insulator  interposed 
between  the  motor  and  its  support. 
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Every  motor  should  be  provided  with  a  name-plate,  giving 
the  maker's  name,  the  capacity  in  volts  and  amperes,  and  the 
normal  speed  in  revolutions  per  minute. 

One  rule  at  all  times  to  be  remembered  in  starting  and 
^tupping  motors  is,  Switch  first,  rheostat  last,  which  means,  in 
jjfarting,  close  the  switch  first,  and  then  gradually  cut  out  all  re- 
sistance as  the  motor  speeds  up,  and  to  stop  the  motor  open  the 
switch  first  and  then  cut  in  all  the  resistance  of  the  rheostat 
which  is  in  series  with  the  motor  armature. 

When  starting  any  new  motor  for  the  first  time,  see  that  the 
Wt  13  removed  from  the  pulley  and  the  motor  started  with  no 
load.  Xever  keep  the  rheostat  handle  on  any  of  its  coils  longer 
^han  a  moment,  as  they  are  not  designed  to  regulate  the  8i)eed  of 
^he  motor  but  to  prevent  too  large  a  flow  of  current  into  the 
^nnature  before  the  latter  has  attained  its  full  speed. 

Fig.  1  shows  a  rheostat  which  is  designed  to  protect  auto- 
^^aticallv  the  armature  of  a  motor.  The  contact  arm  is  fitted  with 
^  spring  which  constantly  tends  to  throw  the  arm  on  the  "off 
point"  and  open  the  circuit,  but  is  prevented  from  so  doing,  while 
^ne  motor  is  in  operation,  by  the  small  electro-magnet,  sliown  on 
^he  face  of  the  rheostat,  which  consists  of  a  low-resistance  coil  con- 
nected in  series  with  the  field  winding  of  the  motor.  Tins  mag- 
net holds  the  contact  arm  of  the  rheostat  in  the  position  allow- 
ing the  maximum  working  current  to  flow  through  the  armature 
^'hile  it  is  in  operation. 

If,  for  any  reason,  the  current  suj)pHed  to  the  motor  bo 
momentarily  cut  off,  the  speed  of  the  armature  genoratos  a  coun- 
ter current  which  also  tends  to  hold  the  arm  in  position  as  long 
as  there  is  any  motion  to  the  motor  armature ;  but  as  soon  as  the 
armature  ceases  to  revolve,  all  current  ceases  to  flow  tli rough  the 
electro-magnet,  thereby  releasing  the  rheostat  handle,  which  flies 
back  to  the  "off  point,"  as  shown  in  the  illustration,  and  the 
motor  armature  is  out  of  danger.  Such  a  device  is  of  great  value 
where  inexperienced  men  have  to  handle  motors,  and  are  unaware 
that  the  first  thing  to  be  done  when  a  motor  stops,  for  any  reason 
whatever,  is  to  open  the  circuit,  and  then  cut  in  all  the  resistance 
in  the  rheostat  to  prevent  too  large  an  in-rush  of  current  when 
the  motor  is  started  up  ^ain. 
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An  apprnved   installation  in  every  delail ;  wiring  connections  for  shunt- 
wound  4-pole  motor,  using  double-pole  fuse  cut-out  instead  of  circuit  breaker. 
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The  Circuit  Breaker  for  under  and  over  loads  is  also  a  most 
vilnahle  protection  in  such  cases. 

Motor  Wirins:  Formulae— (Direct  Current).  To  find  the 
size  of  wire,  in  circular  mils,  required  to  transmit  any  power 
any  distance  at  any  required  voltage  and  with  any  required  loss, 
we  have  the  following  formula.  Having  found  the  required 
number  of  circular  mils,  it  is  advisable  to  add  50  per  cent  more 
for  safety. 

V' 

^==potential  of  motor.  '  d=distance  from  generator  to  motor, 
t'^volts  lost  in  lines.     K=efficiency  of  motor. 
10.8  =  resistance  in  ohms  of  1  foot  of  97  per  cent 
pure  copper  wire  one  mil  in  diameter. 
_      _  h.  p.  of  motor  X  746  X  2^/  X  10.8  X  100 

To  find  size  of  wire  from  cm.,  see  table,  page  37, 

AVERAGE  MOTOR  EFFICIEXCY. 

1  h.  p 75  per  cent 

3  h.  p 80  per  cent 

5  h.  p 80  per  cent 

10  h.  p.  and  over 90  per  cent 

For^fost  Cases — (Small  Installations).  The  table  and  exam- 
ples worked  out  on  pages  38,  39  and  40  will  give  the  (lesircd 
faults  without  the  above  formula?. 

To  find  current  required  by  a  motor  when  the  horse  power, 
efficiency  and  voltage  are  known,  use  the  following  formula: 
Let  C  =  current  to  be  found.       H.  P.  =  horse  power  of  motor. 
E  =  voltage  of  motor  cir-     K=^  efficiency  of  motor. 
cuit. 

H.  P.  X74GX  100 

C  — 

EXK 

Or,  when  possible,  use  table  I. 

By  adding  the  volts  Indicated  In  table  IT.  to  the  voltage  of 
the  lamp  or  motor,  the  result  shows  the  volt  aire  at  the  dvnamo  for 
losses  Indicated.  Thus  10  per  ^ent  on  110-volt  system  Is:  12.22 
volts  added  to  110  equal  122.22,  showing  that  the  dynamo  must 
generate  122.22  volts  for  a  10  per  cent  loss. 
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ELECTRIC  WIRING 


0UT5IDE   WIRING  AND  CONSTRUCTKW. 

Service  Wires  (lliosp  1ea<liiig  from  the  outside  main  wire 
In  llie  Iniii'liiigs  and  attached  to  same)  .-hould  lie  "RiiIiImt^"'-ov- 
rred." 

Line  Wires,  other  tliun  somce  wirfs,  should  havtf  an  appmrtMl 
"weal herp roof  eovoring." 

Bare  Wires  may  bv  used  through  iminhahitcd  and  isoIiiImI 
territoriwa  free  from  all  other  wires,  as  in  such  places  wire  cover- 


An  approved  Instnlhlion   in  i-vcry  detnil;   w'lnug  coiiiici:iii--TH   fnr   .-Imnt- 
wouikI  hipobr  molor,  using  tirciiit  brcnker  iiiMtad  of  doiibii:-|"  lo  ni-c  i.",:i-ii:-.t. 

ing  wuul.i  1h-  of  liltlo  iis<>,  as  it  is  not  roVwd  on  for  polo  iii.ulaiiou, 
jiiiJ  is  not  iH'C'lfil  fur  «\\h-v  piiriios,>s,  Ixriiiisr  ilio  iicniiam  iii 
insulalii.il  of  tlic  wires  froTii  tlic  iirouu.l  is  asMir-.l  !,v  i!,,.  jrla-e 
or  ].orcc]aiii  ]ictlic()at  iiisitlators  lo  which  ili.-  wirts  an-  >i-.Mireil. 

Tie  Wires  sliouhl  liave  an  insulation  equal  to  that  of  (he 
conductors  they  confine. 


BLECTBIC  WimXG 


An  approved  installation  in  every  detail,  with  wi 
"nunil  multipolar  slow  speed  ceilinji  motor  for  dirt'i-t  C"iin 
L'sing  both  circuit  breaker  and  douhle-pole  fuse  cut-out. 
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Between  Wires  for  outside  work,  whether  for  high 
or  low  tension,  should  be  at  least  one  foot,  and  care  should  be 
exercised  to  prevent  any  possibility  of  a  cross  connection  by 
water.  Wires  should  never  come  in  contact  with  anything  except 
their  insulators. 

Roof  Structures.  If  it  should  become  necessary  to  run 
wires  over  a  building,  the  wires  should  be  supported  on  racks 
which  will  raise  them  seven  feet  above  flat  roofs  or  at  least  one 
foot  above  the  ridge  of  pitched  roofs.    See  Fig.  4. 

Guard  Arms.  Whenever  sharp  corners  are  turned,  each 
cross  arm  should  be  provided  with  a  dead  insulated  guard  arm 
to  prevent  the  wires  from  dropping  down  and  creating  trouble, 
should  their  insulating  support  give  way. 

Petticoat  Insulators  should  be  used  exclusively  for  all  out- 
side work,  and  especially  on  cross  arms,  racks,  roof  structures 
and  service  blocks.  Porcelain  knobs,  cleats  or  rubber  hooks 
should  never  be  used  for  this  heavy  outside  work. 

Splidiitr  of  two  pieces  of  wire  or  cable  should  be  done  in 
such  manner  as  to  be  mechanically  and  electrically  secure  with- 
out solder.  The  joints  should  then  be  soldered  to  prevent  corro- 
sion and  consequent  bad  contact.  All  joints  thus  made  should  be 
covered  with  an  insulation  equal  to  that  of  the  conductors. 

Tree  Wiring:.  Whenever  a  line  passes  through  the  branches 
of  trees,  it  should  be  properly  supported  by  insulators,  as  shown 
in  Fig.  5,  to  prevent  the  chafing  of  the  wire  insulation  and 
grounding  the  circuit. 

Service  Blocks  which  are  attached  to  buildings  should  have 
at  least  two  coats  of  waterproof  paint  to  prevent  the  absorption 

of  moisture. 

Entrance  Wires.  Where  the  service  wires  enter  a  build- 
ing they  should  have  drip  loops  outside,  and  the  holes  through 
which  the  conductors  pass  should  be  bushed  with  non-combustible, 
non-absorptive  insulating  tubes  slanting  upward  toward  the  in- 
side.   See  Fig.  6. 

Telefraph  and  Telephone  wires  should  never  be  placed  on 
the  same  cross-arm  with  light  or  power  wires,  especially  when 
sltemating  currents  are  used,  as  trouble  will  arise  from  indue- 
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tion,  unless  expensive  special  construction,  such  as  the  transposing 
of  the  lighting  circuits,  Ic  resorted  to  at  regular  intervals.  Even 
under  those  conditions  it  is  bad  practice,  as  an  accidental  contact 
with  the  lighting  or  power  circuit  might  result  in  starting  a 
iire  ia  the  building  to  which  the  telephone  line  is  connected.  If, 
however,  it  is  necessary  to  place  telegraph  or  telephone  wires 
on  the  same  poles  with  lighting  or  power  wires,  the  distance  be- 
tween the  two  inside  pins  of  each  cross-arm  should  not  be  less 
than  twenty-six  inches,  and  the  metallic  sheaths  to  cables  sliould 
be  thoroughly  and  permanently  connected  to  earth. 

Transformers  should  not  he  placed  inside  of  any  buildings 
except  central  stations,  and  should  not  be  attached  to  the  outside 
walla  of  buildings,  unless  separated  therefrom  by  substantial  sup- 
ports. 

In  cases  where  it  ia  impossible  to  exclude  the  transformer 
and  primary  wiring  from  entering  the  building,  the  transformer 
should  be  located  as  near  as  pos- 
sible  to    the    point   where   the 
primary  wires  enter  the  build- 
ing, and  should  bo  placed  in  a 
vault  er  room  constructed  of  or 
lined  with  fire-resisting  mate- 
rial, and  containing  nothing  but 
the  transformer.    In  every  case 
the  transformer  must  I>e  insu- 
room  kept  well  ventilated.     It  is 
formers  on 
illuslrated 


Fig.  6. 

PoicdaJn  tube,  used  nheic  uitcs  eotvi 
logs,  shonlng  drip  loop  Id  wire 


lated  from  the  ground  and  the 
of  course  the  sjifi-st  and  beat  practice  to  place  all 
poles  away  from  llie  building  that  is  (o  I>c  lighlc 
in  Fig.  7. 

The  Qrounding  of  LowaPotentlal  Circuits  ia  allowed  only 
when  such  circuits  are  so  arraiifred  that  under  uorm.il  conditions 
of  Bervice  there  will  be  no  passage  of  current  over  the  ground  wire. 

Id  Direct<Currcnt  3-Wire  Systems  the  nenlral  wires  may 
be  grounded,  and  when  grounded  the  following  niles  should  be 
complied  with : 

1.  They  should  be  grounded  at  the  central  station  on  a 
metal  plate  buried  iu  coke  beneath  permanent  moisture  level,  and 
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also  through   all   available  undergroujid  v&ter  and   gas   pipe 
systems. 

2.  In  underground  systems  the  neutral  wire  should  also  be 
grounded  at  each  distributing  box  through  the  box. 

3.  In  overhead  systems  the  neutral  wire  should  be  grounded 
every  500  feet. 

When  grounding -the  neutral  point  of  transformera  or  the 


Fig.  7. 

Cunstructiun  work;  in^Ialling  transformert. 

neutral  wire  of  distributing  systems  the  following  rule  should 
be  complied  with : 

1.  Trausfonners  feeding  two-wire  systems  should  be 
groiiiido<l  at  the  center  of  (he  secontlary  coils,  and  when  feeding 
systems  with  a  noutrnl  wire,  should  have  the  neutral  wire  groiindod 
at  the  transformer,  and  at  least  every  500  feet  for  underground 
pystema. 

In  making  ground  connections  on  low-potential  circuits,  the 
ground  wire  in  direct-current  S-wire  systems  should  not  at  central 
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stations  be  smaller  than  the  neutral  wire,  and  not  smaller  than 
Xo.  6  B.  &  S.  elsewhere. 

In  Alternating-Current  Systems  the  ground  wire  should  never 
be  less  than  Xo.  6  B.  &  S.,  and  should  always  have  equal  carrying 
capacity  to  the  secondary  lead  of  the  transformer,  or  the  combined 
leads  where  transformers  are  banked. 

These  wires  should  be  kept  outside  of  buildings,  but  may  be 
directly  attached  to  the  building  or  pole,  and  should  be  carried 
in  as  nearly  a  straight  line  as  possible,  all  kinks,  coils  and  sharp 
bends  being  avoided. 

The  ground  connection  for  central  stations,  transformer  sub- 
stations, and  banks  of  transformers  should  be  made  through  metal 
plates  buried  in  coke  below  permanent  moisture  level,  and  con- 
iiection  should  also  be  made  to  all  available  underground  piping 
systems,  including  the  lead  sheath  of  underground  cables. 

For  individual  transformers  and  building  services  the  ground 
^^nnection  may  be  made  to  water  or  other  piping  systems  running 
^^to  the  buildings.  This  connection  may  be  made  by  carrying 
the  ground  wire  into  the  cellar  and  connecting  on  the  street  side 
^f  meters,  main  cocks,  etc.,  but  connection  should  never  be  made 
^^  any  lead  pipes  which  form  part  of  gas  senices. 

In  connecting  ground  wires  to  piping  systems,  wherever  pos- 
^^hle,  the  wires  should  be  soldered  into  one  or  more  brass  plugs 
^nd  the  plugs  forcibly  screwed  into  a  pipe  fitting,  or,  where  the 
pipe  is  cast  iron,  into  a  hole  tapped  into  the  pipe  itscMf.  For 
wge  stations,  where  connecting  to  underground  pipes  wiih  Ix'll 
and  spigot  joints,  it  is  well  to  connect  to  several  lengths,  as  the 
pipe  joints  may  be  of  rather  high  resistance.  Where  such  plugs 
cannot  be  used,  the  surface  of  the  pipe  may  l)c»  filed  or  scraped 
bright,  the  wire  wound  around  it,  and  a  strong  clamp  put  over  the 
wire  and  firmly  bolted  together. 

Where  ground  plates  are  used,  a  Xo.  16  coi)])er  plate,  about 
3  by  6  feet  in  size,  with  about  two  feet  of  crushed  coke  or  char- 
coal, about  pea  size,  both  under  and  over  it,  would  make  a  ground 
of  sufficient  capacity  for  a  moderate-sized  station,  and  would  prob- 
ably answer  for  the  ordinary  sub-station  or  bank  of  transformers. 
For  a  large  central  station  considerable  more  area  might  be  neces- 
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sary,  depending  upon  the  underground  connections  available. 
The  ground  wire  should  be  riveted  to  such  a  plate  in  a  number  of 
places,  and  soldered  for  its  whole  length.  Perhaps  even  better 
than  a  copper  plate  is  a  cast  iron  plate,  brass  plugs  being  screwed 
into  the  plate  to  which  the  wire  is  soldered.  In  all  cases,  the 
joint  between  the  plate  and  the  ground  wire  should  be  thoroughly 
protected  against  corrosion,  by  suitable  painting  wuth  waterproof 
paint  or  some  equivalent. 

Ground  Detectors.  Fig.  8  illustrates  a  few  practical  meth- 
ods of  detecting  grounds  on  alternating  and  direct-current  circuits 
which  have  not  been  purposely  grounded. 

In  using  any  one  of  these  methods  foj*  detecting  grounds, 
always  see  that  the  circuit  to  ground  is  left  open  after  testing  the 
outside  circuits. 

Some  central  station  men  are  in  the  habit  of  leaving  the 
ground  circuit  closed  on  one  side  constantly  in  order  that  any 
ground  that  might  occur  on  the  other  side  may  be  instantly 
noticed.  This,  however,  is  bad  practice,  as  it  greatly  reduces  the 
insulation  of  the  w^hole  system.  Test  all  circuits  at  least  once  a 
day. 

Ic  is  sometimes  necessary  fo  know  just  what  the  insulation 
resistance  of  a  line,  or  of  the  wiring  in  a  building,  is  in  ohms. 
This  can  be  found  very  readily,  and  closely  enough  for  all  i)rac- 
tical  purposes,  by  using  a  Weston  volt  meter  in  the  following 
manner : 

Connect  with  a  wire  from  one  side  of  the  circuit  to  one 
binding  post  of  the  volt  meter,  and  witli  anotlier  ])i(re  of  wire  con- 
nect a  water  pil)e  to  the  other  binding  ])ost  of  tlie  volt  meter.  If 
the  needle  or  pointer  shows  any  deflection  we  know  there  is  a 
ground,  or  leakage,  on  the  o])positc  side?  of  tlie  circuit  to  wliich 
the  volt  meter  is  connected. 

The  resistance  of  this  ground  leak  may  be  found  by  the 
following  formula: 

y 

R=rr 1)    ohms    when   II -- resistance   of  ground  leak 

required,  r  —--■  resistance  of  volt  meter,  V  voltaj^e  between  the 
positive  iand  negative  sides  of  the  line,  v  reading  in  volts,  on 
the  instrument,  pro<luced  by  the  leakage. 
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Primary  Wiring.  Primary  wires  should  be  kept  at  least 
ten  inches  apart,  and  at  that  distance  from  conducting  material. 
Primary  wires  carrying  over  3,500  volts  should  not  be  brought 
into  or  over  any  building  other  than  the  central  power  station  or 
sub-station. 

Wires  lor  Outside  Use  have  in  most  cases  a  "weatherproof" 
insulation,  except  service  wires,  which  should  be  "rubber-covered." 
Any  insulating  covering  for  wires  exposed  to  the  weather  on  poles 
is  in  a  short  time  rendered  useless.  The  real  insulation  of  the 
system  will  be  found  to  be  dependent  upon  the  porcelain  or  glass 
insulators. 

POLES  FOR  LIGHT  AND  POWER  WIRES. 

It  is  essential  to  a  proper  installation  that  the  poles  receive 
due  consideration,  a  fact  that  is  too  often  overlooked. 

In  selecting  the  style  of  pole  necessary  for  a  certain  class  of 
work  the  conditions  and  circumstances  should  be  considered. 
Poles  may  be  arranged  in  three  classes,  the  size  of  wire  which 
tliov  are  to  carry  respectively  being  one  of  the  important  regulat- 
ing circumstances. 

First  Class:  Alternating-current  plants  for  lighting  small 
towns.  ^Fain  lino  of  ])oles  should  consist  of  poles  from  30  to  35 
feet  long,  with  G-incli  tops.  These  are  strong  enough  for  all  the 
weight  that  is  ])lace(l  u])on  them.  No  pole  less  than  30  feet 
with  O-inch  top  should  be  placed  on  a  corner  for  lamps.  The 
hcu'c'lit  of  trees,  of  course,  must  be  considered  in  many  cases.  For 
the  Edison  municipal  system,  where  more  than  one  set  of  wires 
are  used  for  street  lii2:liting,  a  O-inch  top  should  be  the  size  of  the 
poles,  the  length  being  not  less  than  30  feet,  and  greater  than  this 
if  the  streets  be  liillv  and  filled  with  trees. 

Second  Class:  Town  lighting  by  arc  lights.  All  poles 
should  be  at  least  O-inch  tops.  The  corner  poles  should  be  OJ- 
inch  tops;  and  wherever  the  cross-arms  are  placed  on  a  pole  at 
different  angles,  the  pole  should  be  at  least  a  6-J-inch  top.  A  30- 
foot  pole  is  sufficiently  long  for  the  main  line,  but  it  would  be 
advisable  to  place  35 -foot  poles  on  corners. 
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Third  Class:  Where  heavy  wire,  such  as  No.  00,  is  used 
for  feeder  wire,  the  poles  should  be  at  least  7-ineh  tops.  Where 
mains  are  run  on  the  same  pole  line  the  strain  is  somewhat 
lessened,  and  poles  of  smaller  size  will  answer  all  purposes. 

Cull  Poles.  The  question  as  to  what  is  a  cull  pole  is  some- 
thing on  which  many  authorities  diflFer.  Of  course,  if  specifi- 
cations call  for  a  certain  sized  pole,  parties  supplying  the  poles 
should  be  compelled  to  send  the  sizes  called  for.  AW  poles  that 
are  smaller  at  the  top  than  the  sizes  agreed  upon,  arc  troubled 
with  dry  rot,  large  knots  and  bumps,  have  more  than  one  bend,  or 
have  a  sweep  of  over  twelve  inches,  should  certainly  be  classed 
as  cull  poles.  Specifications  for  electric  light  and  power  work 
should  be,  and  in  many  cases  are,  much  more  severe  than  those 
required  by  telegraph  lines.  A  cull  pole,  one  of  good  material, 
is  the  best  thing  for  a  guy  stub,  and  is  frequently  used  for  this 
purpose.  A  cedar  pole  is  always  preferable  to  any  other,  owing 
to  the  fact  that  it  is  very  light  compared  with  other  timber,  and 
is  strong,  durable  and  very  long  lived. 

Ptolc  Settint^.  It  seems  to  1x3  the  universal  opinion  of  the 
best  construction  men  that  a  pole  should  he  set  at  least  five  feet 
in  the  ground,  and  six  inches  additional  for  every  five  feet  al>^#ve 
thirty-five  feet.  Also  additional  depths  on  corners.  \Vherever 
there  is  much  moisture  in  the  ground,  it  is  well  to  paint  the  butt 
end  of  the  pole,  or  smear  it  with  pitch  or  tar,  allowing  this 
to  extend  about  two  feet  al)ove  the  level  of  the  ground.  This  pro- 
tects the  pole  from  rot  at  the  base.  Tlu*  weakcbt  part  of  tlic^^  pole 
is  just  where  it  enters  the  ground.  Xever  set  polos  farther  than 
125  feet  apart;    110  feet  is  good  practice. 

Pole  Holes  should  be  dug  large  enough  so  that  the  butt  of 
the  pole  can  be  dropped  straight  in  witliout  any  forcing,  and 
when  the  pole  is  in  position  only  one  shovel  shouM  be  used  to  fill 
in,  the  earth  beine  thoroughly  tamped  down  with  iron  tampers 
at  every  step  until  the  hole  is  completely  filled  with  sr)lidly 
packed  earth.  Where  the  ground  is  too  soft  for  proper  tamping, 
a  grouting  composed  of  one  part  of  Portland  cement  to  two  parts 
of  sand,  mixed  with  broken  stone,  may  be  used  to  make  an  arti- 
ficial foundation. 
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FIG.  2 

Fig.  9. 

CONSTRUCTION  WORK;   POSITION  OP  CROSS-ARPIS   WHEN 

TURNING  CORNERS. 

When  running  a  licavy  line  wire  it  is  necessary  to  use  two  cross-arms 
fastened  as  shown  al)nve  in  Fig.  2.  If  lines  are  not  heavy,  only  one  cross-arm 
will  bo  necessary.  In  case  lines  cro^s  the  street  diagonally,  the  arms  where 
the  wires  leave  and  those  to  which  they  run  are  both  set  at  an  angle.  When 
turning  an  abrupt  comer  only  one  arm  is  tnrned.  The  above  cannot  be  used 
where  feeders  tap  into  double  branches.  In  such  a  case  the  method  given 
in  Fig.  1  is  used. 
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TABLE  III. 

Cadar  PoIm  for  Electric  LIcht  Work. 


Average 

No.  of 

Average 

No.  of 

weight, 

Poles 

weight, 

Poles 

SIZE. 

pounds 

to  a  Car. 

SIZE. 

pounds 

to  a  Car. 

•4 

each. 

each. 

25  ft..  5-inch  top 
25  "     5i  "       '^ 

200 

150 

35  ft.,  7-inch  top 

650 

90 

225 

130 

40  "     6  •• 

8UU 

80 

25  "     6     ••       '• 

250 

120 

40  "     7  " 

900 

75 

28  "     7     "       " 

400 

80 

45  "     6  " 

900 

70 

30  ••    5     "       " 

300 

110 

45  "     7  " 

1000 

65 

30"    6     "       " 

350 

90 

50  "     6  •• 

1200 

55 

30"     7     "       " 

420 

75 

55  "     6  " 

1400 

45 

35"    6     "       " 

550 

100 

Painting.  When  poles  are  to  be  painted,  a  dark  olive  green 
color  should  be  chosen,  in  order  that  they  may  be  as  inconspicuous 
as  possible.  One  coat  of  paint  should  be  applied  before  the  pole 
is  set,  and  one  after  the  f)ole  is  set.  Tops  should  be  pointed  to 
shed  water. 

All  poles  35  feet  long  and  over  must  be  loaded  on  two  cars. 

For  chestnut  poles  add  50  per  cent  to  weights  as  given  in 
table. 

Cross- Arms.  The  distance  from  the  top  of  the  pole  to  the 
cross-arm  should  be  equal  to  the  diameter  of  pole  at  the  top. 
All  cross-arms  should  be  well  painted  with  one  coat  of  paint 
before  placing,  and  must  be  of  standard  size  as  shown  in  the 
diagrams.  Cross-arms  of  four  or  more  pins  should  be  braced, 
using  one  or  two  braces  as  occasion  demands.  Cross-arms  on  one 
pole  should  face  those  on  the  next,  thereby  making  the  cross-arms 
on  every  other  pole  face  in  one  direction.  All  pins  should  have 
their  shanks  dipped  in  paint  and  should  be  driven  into  the  cross- 
arm  wl\ile  the  paint  is  wet.  The  upper  part  of  the  pin  should 
also  be  painted.  Iron  pins  may  be  furnished  for  corners  where 
there  is  a  heavy  strain,  but  are  not  advised,  it  being  preferable  to 
use  the  construction  as  shown  in  the  diagrams.  Put  double  arma 
on  the  pole  where  feeder  wires  end. 

Guard  Irons.  Guard  irons  should  be  placed  at  all  angles  in 
lines,  and  on  break-arms. 

Steps.  All  junction  and  lamp  poles  should  be  stepped  so 
that  the  distance  between  steps  on  the  same  side  of  the  pole  will 
not  be  over  86  inches.  Poles  carrying  converters  should  also  be 
stepped. 
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Ouys.  All  poles  at  angles  in  the  line  must  be  properly 
guyed,  using  No.  4  B.  &  S.  galvanized  iron  wire,  or  two  No.  8 
wires  twisted.  All  junction  poles  should  also  be  guyed.  Never 
attach  a  guy  wire  to  a  pole  so  that  it  prevents  a  cross-arm  from 
being  removed. 

For  alternating  work,  double  petticoat  insulators  are  recom- 
mended. Pole  brackets,  except  in  connection  with  the  tree  insu- 
lators, should  not  be  used. 

Tape  should  be  secured  at  either  end  of  a  joint  by  a  few 
turns  of  twine.  When  looping  for  lamps,  etc.,  leave  coiled 
sufficient  wire,  without  waste,  to  reach  lamp  or  building  without 
joints.  In  cutting  arc  or  incandescent  lamps  into  an  existing 
circuit,  use  a  piece  of  "rubber-covered"  wire.  Feeder  wires  should 
be  strung  on  the  cross-arms  above  the  mains. 

For  good  distribution,  arc  lamps  should  not  be  placed  more 
than  800  feet  apart.  The  lamps  may  be  brought  nearer  together 
if  a  greater  degree  of  illumination  is  desired. 

Primary  Wires  on  Poles.  When  running  more  than  one 
circuit  of  primaricF  .upon  the  same  line  of  poles  the  wires  of  each 
circuit  should  be  run  parallel  and  on  adjacent  pins,  as  shown 
below,  so  as  to  avoid  any  fluctuation  in  the  lamps  due  to  induc- 
tion. The  lines  lettered  A  and  A  are  for  circuit  No.  1,  and 
B  and  B  for  circuit  No.  2,  etc. 

A 

A 

B 

B 

When  connecting  transformers  to  1,000-volt  mains  a  double- 
pole  cut-out  is  placed  in  the  primary  circuit.  For  2,000-volt  cir- 
cuits a  single-pole  cut-out  should  be  placed  in  each  side  of  the 
line,  thus  avoiding  any  possible  short  circuit  due  to  an  arc  being 
established  across  the  contacts  of  the  donble-pole  cut-out.  This, 
owing  to  the  greater  difference  of  potential  between  opposite  poles, 
is  liable  to  occur  when  the  fuses  "blow." 

INSIDE  WIRINQ. 
Approved  "Rubber^Covered"    Wire  should  bo  used  exclu- 

Bively  in  all  interior  wiring.     Although  the  Fire  Underwriters 
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allow  "Slow  Burning"  weatherproof  wire  to  be  used  in  dry  places 
when  wiring  is  entirely  exposed  to  view  and  rigidly  supported  on 
porcelain  or  glass  insulators,  "Kubber-Covercd"  wire  is  always 
preferable. 

The  copper  conductors,  before  being  rubber  covered,  should 
be  thoroughly  tinned,  and  the  thickness  of  the  rubber  covering 
should  conform  to  the  following  table: 

TABLE  V. 

Requisite  Tbicknesf  of  Rubber  Covering  for  Wires. 

For  voltages  up  to  600: 

From  No.             18  to  No.  16            inclusive,  A  >n. 

14  to    "  8                 "         A  in. 

7  to    "  2                 ••         A  in. 

1  to    "  0000  ••         A  in. 
0000  to    "  500000  c.  HL       "         A  in. 

500000  c.  m.  to    "    1000000     ••  ••         A  in. 

Larger  tlian  "    1000000     ••  "  J  in. 

For  voltages  between  600  and  3,500: 

From  No.  14  to  No.  1  inclusive,  A  in. 

0  to    "     600000  c.  m.       "         A  in. )  covered  by 
Larger  than  600000     "  "         ^^  in. )  braid  or  tape. 

••Slow  Burning  Weatherproof*  Wire  should  have  an  insu- 
lation consisting  of  two  coatings,  the  inner  one  to  be  fireproof 
In  character  and  the  other  to  be  weatherproof.  The  inner  fire- 
proof coating  should  comj^rise  at  least  six-tenths  of  the  total  thick- 
ness of  the  wall. 

The  complete  covering  should  be  of  a  thickness  not  less  than 
that  given  in  the  following  table: 

TABLE  VI. 

Requisite  Thickness  of  Slow  Burning  Weatherproof  Insulatloa. 

From  No              14  to  No.  8             inclusive,  6^4  in. 

7  to    "  2                  "          ^\  in. 

2  to    "  0000  "         /4  in. 
0000  10    *•  5CK)000  c.  m.        "          ^%  in. 

500000  c.  ni.  10    "  mum      "           "          /f  in. 

Larger  tlian                                 "  1000000      "  "           J    in. 

••Weatherproof"  Wire,  for  out-door  use,  should  consist  of  at 
least  three  ])rai<ls  thoroui^hly  ini])r(^giiated  with  a  dense  nioisture- 
rej)e]]ant  which  should  stand  a  teni])eri\ture  of  ISO""  Fahrenheit 
without  (lri])])in^.  The  thickness  should  correspond  to  that  of 
"Slow  Enrnin£^  Weatherproof  and  the  outer  surface  should  be 
thoroue:hlv  slickorl  do\vn. 

Carrying  Capacity  of  Wires.  Table  VTT  gives  the  safe 
carrying  capacity  of  wires  from  Xo.  18  B.  &  S.  to  cables  of  2,- 
000,000  circular  mils. 
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JTo  wires  smaller  than  Xo.  14  should  be  used  except  for 
lire  wiring  and  pendauts,  in  which  cases  as  small  as  No.  IS 
'  be  used. 


^"5". 


TABLE  VII. 

Sala  Carrying  Capadlj  «l  Wire*. 

A.S.  DiameWr  Mils,  AreaCirpularMils.  No. Amperej Opm 
LmpensConreakdWork,  Ohins  P*r  lOOOIt.  Llj,.  per  1000 
9.  Per  1000  i'l.  Insulated.     No.  and  Siieuf  Wires  fur  CaUea. 
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Tic  Wires  should  have  an  insulation  equal  to  that  of  the 
Uctors  they  coiiiine. 

5plkliiK  should  be  done  in  such  iiiaiiiior  as  to  make  ihe  wires 
aanically  and  elcclrically  seenre  wiibout  solder;  then  they 
Id  be  soldered  to  insure  preseiratioii  from  corrosion  and 
1  consequent  healing  dne  to  poor  eontact. 


J..  « iiJii  size  cil  wire  should  w 
I">wi'r  lump*  I't'  110  vvli^,  :.  .Hsiam-f 
>UitriKuiii.'ii  wiiU  iht-  li>!:ri  uf  2  voli= ; 

First  iiiiilii]>Iy  the  iun[)tTC5,  wlii. 
tlO-v.  Iaiii|>fl  t;iko  l*.'..5  :iiniM'n-ji,  ?(f  la 
taruv.  l.-.il  f.ti,  «lii.-Ii  will  .■.pial  :i>-2 
to  ilic  .vlmiins  Iica.Ii'd  •■Aetna!  V<.lr.- 
have  a  Ifiss  of  iwo  volts  only,  K>i>k  iluwi 
ymi  iMiiie  to  tiie  lu-anst  (.•iirri'siiomlinj 
Ihi.l  ihat  3,'.M>0  is  tiio  l.«-st  immlH-r  t. 
tht'  iimuU-r  3,1»00  and  fnlluw  ihai  In. 
nniil  y.iu  eonip  lo  llie  vertii-al  nihiiun 
yoii  find  tbat  a  Xo.  4  B.  &  S.  wire  w 
in  this  case. 

2.  \Vliat  size  of  wire  should  \v{ 
motor  that  rcqnirea  30  aniiwrca  and  2: 
fift  from  tilt-  distributing  pole,  tlie  ''i 
2  per  cent! 

First  multiply  30  amperes  Ity  20i 
example,  and  we  got  6,000  amporo  fo 
left-hand  comer  of  the  table  and  yoii 
headed  "Volts."  Go  down  this  eolui 
and  follow  the  horizontal  coluniu  to  tb< 
figure  1.8,  which  is  the  nearest  we  ea 
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3.  Supposing  we  have  occasion  to  inspect  a  piece  of  wiring, 
and  find  a  dynamo  operating  50  16-c.  p.  110-volt  lamps  at  a  dis- 
tance of  150  feet,  and  our  wire  gauge  shows  that  wire  in  use  is  a 
Xo.  12  B.  &  S.,  at  what  loss,  or  "drop,"  are  these  lamps  being 
operated  ? 

First  multiply  the  amperes,  which  will  be  25.5  (50  16-c.  p. 
110-v.  lamps  take  25.5  amperes,  sec  table  on  page  57),  by  the  dis- 
tance, 150  feet,  and  we  get  3,825  ampere  feet.  As  we  find  in 
use  a  Xo.  12  B.  &  S.  wire,  we  look  for  the  vertical  column  headed 
"Size  B.  &  S."  and  follow  it  down  until  we  come  to  12.  With 
our  pencil  on  the  figure  12  we  travel  along  the  horizontal  line  to 
the  right  until  we  come  to  the  jiearest  corresponding  number  to 
3,825,  which  we  find  to  be  4,575.  Then  starting  at  this  number 
we  travel  up  the  vertical  column  and  we  find  a  loss  of  about  15 
actual  volts,  or,  practically,  a  12  per  cent  loss,  which  would  greatly 
reduce  the  candle-power  or  brilliancy  of  the  lamps. 

Installation  of  Wires.  All  wiring  should  be  kept  free  from 
contact  with  gas,  water  or  other  metallic  pii)ing,  or  with  any  other 
conductors  or  conducting  material  whi(*li  it  may  cross,  by  some 
continuous  and  firmly  fixed  non-conductor,  (»reating  a  sei)aration 
of  at  least  one  inch.  In  wet  places  it  should  bo  arranged  so  that 
an  air  space  will  be  left  between  conductors  and  pij)es  in  crossing, 
and  the  former  must  be  run  in  such  a  wav  that  thev  cannot  come 
in  contact  with  the  pipe  accidentally. 

Wires  should  be  run  over  rather  than  under  pipes  upon 
which  moisture  is  likely  to  gather,  or  which  by  leaking  might 
cause  trouble  on  a  circuit.  Xo  smaller  size  than  Xo.  14  "R.  &  S. 
gauge  should  ever  be  used  for  any  lighting  or  power  work,  not  that 
it  may  not  be  electrically  large  enough,  but  on  account  of  its 
mechanical  weakness  and  liabilitv  to  be  stretched  or  broken  in 
the  ordinary  course  of  usage.  Smaller  wire  may  be  used  for 
fixture  work,  if  provided  with  approved  rubber  insulation. 

Wires  should  never  be  laid  in  or  come  in  contact  with  plaster, 
cement,  or  any  finish,  and  should  never  be  fastened  by  staples, 
even  temporarily,  but  always  sup])orted  on  porcelain  cheats  which 
will  separate  the  wires  at  least  one-half  inch  from  the  surface 
wired  over  and  keep  the  wires  not  less  than  two  and  one-half 
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inches  apart.  Three-wire  cleats  may  be  used  when  the  neutral 
wire  is  run  in  the  center  and  at  least  two  and  one-half  inches 
separate  the  two  outside  or  -j-  and  —  wires.  This  style  of  wiring 
is  intended  for  low- voltage  systems  (300  volts  or  less)  ;  and  when 
it  is  all  open  work,  rubber-covered  wire  is  not  necessary,  as 
"weatherproof"  wire  may  be  used.  Weatherproof  wire  should 
not  be  used  in  moulding.  Wires  should  not  be  fished  between , 
floors,  walls  or  partitions,  or  in  concealed  places,  for  any  great 
distance,  and  only  in  places  w^here  the  inspector  can  satisfy  himself 
that  the  rules  have  been  complied  with,  as  this  style  of  work  is 
always  more  or  less  uncertain. 

Twin  wires  should  never  be  used,  except  in  conduits  or  when 
flexible  conductors  are  necessary;  they  are  always  unsafe  for 
light  or  power  circuits  on  account  of  the  short  distance  between 
them. 

All  wiring  should  be  protected  on  side  walls  from  mechanical 
injury.  This  may  be  done  by  putting  a  substantial  boxing  about 
the  wires,  allowing  an  air  s])ace  of  one  inch  around  the  con- 
ductors, closed  at  the  top  (the  wire  passing  through  bushed  holes) 
and  extending  about  five  feet  above  the  floor.  Sections  of  iron- 
armored  conduit  may  be  used,  and  in  most  cases  are  preferable, 
as  they  take  up  but  little  room  and  are  very  rigid. 

If,  however,  iron  pipes  are  used  with  alternating  currents, 
the  two  or  more  wires  of  a  circuit  should  always  be  i)laced  in  the 
same  conduit.  If  plain  iron  pipe  be  used  the  insulation  of  that 
portion  of  each  wire  within  the  pipe  should  be  reinforced  by  a 
tough  conduit  tubing  projecting  beyond  the  iron  tubing  at  both 
ends  about  two  inches. 

When  crossing  floor  timbers  in  cellars  or  in  rooms  where  they 
might  be  exposed  to  injury,  wires  should  be  attached,  ])y  their 
insulating  supports,  to  the  under  side  of  wooden  strips  not  less 
than  one-half  inch  in  thickness  and  not  less  than  three  inches 
wide. 
GENERAL   FORMULAE   FOR   LIGHT    AND   POWER   WIRING. 

c.  tn.=circular  mils. 

d  =  length  of  wire,  in  feet,  on  one  side  of  circuit. 
n  =  number  of  lamps  in  multiple. 
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c  =  current  in  amperes  per  lamp. 
V  =  volts  lost  in  lines, 
r  =  resistance  per  foot  of  wire  to  be  used. 
10.8  ohms  resistance  of  one  foot  of  commercial  copper  wire 
having  a  diameter  of  one  mil  and  a  temperature  of  75°  Fahren- 
heit. 

It  is  an  easy  matter  to  find  any  of  the  above  values  by  the 
following  fornuilji' : 

10.8  X2dXnXc 
c.wi.  =  


V 


10.8  X  2dXnXc  cm.  Xv 


^  cm.  ^        10.8  X  2d  Xn 

cm  X  V  cm,  X  v 

n= : — ■ — ;— —  2d  = 


10.8  X2dXc  10.8  XcXn 

V 


r= 


nXcX2d 


v=^nXcX2dXr  c  = 


2dXnXr 


V  V 

n=— -— ^-T—  2d  = 


cX2dXr  nXcXr 

Arc  Light  Wiring.  All  wiring  in  buildings  for  constant- 
inirrent  scries  arc  lighting  should  be  with  approved  rubber-cov- 
ered wire,  and  the  circuit  arranged  to  enter  and  leave  the  building 
through  an  approved  double-contact  service  switch,  which  means 
a  switch  mounted  on  a  non-combiistible,  non-absorptive  insulating 
base  and  capable  of  closing  tlie  main  circuit  and  disconnecting  the 
branch  wires  wlien  turned  *N)ff."  Tbis  switch  must  be  so  con- 
structed that  it  will  be  automatic  in  action,  not  stopping  between 
points  when  started,  must  prevent  an  arc  between  points  under  all 
circumstances,  and  must  indicate,  upon  inspection,  whether  the 
current  is  "on"  or  "off."  Such  a  switch  is  necessarv  to  cut  the 
high  voltage  completely  out  of  the  building  by  firemen  in  case  of 
fire  or  when  it  becomes  necessary  to  make  any  changes  in  the 
lamps  or  wiring. 
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This  class  of  wiring  should  never  be  concealed  or  encased 
except  when  requested  by  the  Electrical  Inspector,  and  should 
always  be  rigidly  supported  on  porcelain  or  glass  insulators  which 
will  separate  the  wiring  at  least  one  inch  from  the  surface  wired 
over,  and  which  must  be  kept  at  least  four  inches  irom.  each  other 
on  all  voltages  up  to  750,  and  eight  inches  apart  when  the  voltages 
exceed  750.  No  wires  carrying  a  voltage  of  over  3,500  should 
be  carried  into  or  over  any  buildings  except  central  stations  and 
sub-stations.  All  arc  light  wiring  should  be  protected  on  side 
walls  and  when  crossing  floor  timbers  where  wires  are  liable  to 
injury.  In  mill-construction  buildings,  arc  wires  of  No.  8  and 
larger,  where  not  liable  to  be  disturbed,  may  be  separated  six 
inches  for  voltages  up  to  750,  and  ten  inches  for  voltages  above 
750;  may  run  from  timber  to  timber,  not  breaking  round;  and 
may  be  supported  at  each  timber  only.  In  running  along  beams 
or  walls  and  ceilings  they  should  be  supported  at  intervals  noc 
exceeding  four  and  one-half  feet. 

SPECIAL  WIRING. 

Special  wiring  for  damp  places  such  as  breweries,  packing 
housos,  stables,  dyv  houses,  ])a])or  or  pulp  mills,  or  buildings  espc- 
ciallv  liable  to  moisture  or  acid  or  other  fumes  likelv  to  injure 
the  wires  or  their  insulation,  should  be  done  with  approved  rubber- 
covered  wire,  and  ri<i:i(lly  supported  on  porcelain  or  glass  insula- 
tors wliicli  se])arat('  tlu^  wires  at  least  one  inch  from  the  surface 
wired  over,  and  which  must  be  kept  apart  at  least  two  and  one-half 
indices.  The  wire  in  such  dam])  ])laees  should  contain  no  sjdiees, 
as  it  is  almost  iin])ossil)lc  to  tape  a  splice  that  will  prevent  acid 
fumes  from  getting  at  the  co])per  surface. 

Moulding  Work  slionld  always  be  done  with  approved  rubber 
covered  wire*  to  ]>revent  leakage  should  the  moulding  become 
damp. 

This  class  of  work  should  never  be  done  in  concealed  or  damp 
places,  for  fear  that  water  may  soak  into  the  wood  and  cause 
leakage  of  current  between  the  wires,  burning  the  wood  and  start- 
ing a  fire.  The  action  of  the  current  in  a  case  like  this  is  to  con- 
vert the  wood  verv  cfraduallv  into  charcoal,  then  drv  the  water  out 
and  ignite  the  charcoal  thus  formed.     Great  care  should  be  ob- 
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served  in  driving  nails  into  moulding,  to  avoid  puncturing  the 
insulation  and  possibly  grounding  the  circuit  in  a  way  tliat  not 
onlv  might  be  difficult  to  locate,  but  might  cause  a  concealed  fire 
back  of  the  plastering  or  wood  work  to  which  the  moulding  is 
attached. 

Moulding  should  be  of  hard  wood  and  made  of  two  pieces, 
a  backing  and  ca^jping,  so  constructed  as  to  thoroughly  encase  the 
wire.  It  should  j>rovide  a  one-half  inch  tongue  between  the  con- 
ductors and  a  solid  backing,  which  imder  the  grooves  should  be 
not  less  than  three-eighths  of  an  inch  in  thickness  and  able  to  give 
suitable  protection  from  abrasion. 

Concealed  Wiring  or  that  which  is  to  be  run  between 
walls  and  floors  and  their  joists,  should  always  be  done  with  ap- 
proved niblx^r-covered  wire,  and  should  be  rigidly  siij)port(Ml  on 
porcelain  or  glass  insulators  which  will  separate  the  wires  at  least 


Fig.  10. 

Samples  of  approved  moulding  when  filled  and  covered  with  at  least 
two  coats  of  waterproof  paint. 

one  inch  from  the  surface  wired  over.  The  wires  should  be  kept 
at  least  ten  inches  apart,  and  where  it  is  ])0S5il)le  should  be  run 
singly  on  separate  timbers  or  joists.  I'lie  insulators  sliould  be 
placed  not  farther  than  four  feet  apart  in  any  case,  and  where 
there  is  anv  liabilitv  of  the  wires  eoniiiiii;  in  contact  with  aiivtliiiiii: 
else,  <lue  to  a  possible  sagging,  the  sui)[)orts  should  be  placed  much 
closer  together.  In  some  cases  where  it  is  impossible  to  rigidly 
support  the  weiring  on  porcelain  or  glass  insulators  in  concealed 
places,  the  wires,  if  not  exposed  to  moisture,  may  be  fished  on  the 
loop  system  if  encased  throughout  in  approved  continuous  llexible 
tubing  or  conduit.  Fishing  under  floors  or  between  walls  is  done 
by  boring  holes  at  suitable  distances  apart  and  ])ushing  a  flat 
spring  wire  from  one  hole  toward  the  other  and  catchini>'  it  with  a 
wire  hook.  The  flexible  conduit  and  wires  may  then  be  ])ulled 
into  place. 
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Although  this  fished  work  may  be  passed  when  the  sur- 
rounding conditions  are,  at  the  time  of  inspection,  perfectly  satis- 
factory, it  should  be  avoided,  as  trouble  will  arise  in  this  class  of 
work  sooner  than  in  any  other,  when  all  conditions  are  equal. 

liMulated  Metal  Conduits — (Specifications).  The  metal 
covering  or  pipe  should  be  of  sufficient  thickness  to  resist  pene- 
tration by  nails,  etc.,  or  the  same  thickness  as  ordinary  gas  pipe 
of  the  same  size. 

It  should  not  be  seriously  affected  externally  by  burning  out 
a  wire  inside  the  tube  when  the  iron  pipe  is  connected  to  one  side 
of  the  circuit. 

The  insulating  lining  should  be  firmly  attached  to  the  pipe, 
and  should  not  crack  or  break  when  a  length  of  conduit  is  imi- 
formly  bent  at  a  temperature  of  212  degrees  Fahrenheit,  to  an 
angle  of  90  degrees,  with  a  curve  having  a  radius  of  15  inches,  for 
pipes  of  1  inch  or  less,  or  a  radius  of  fifteen  times  the  diameter  of 
the  pipe  for  larger  sizes. 

The  insulating  lining  should  not  soften  injuriously  at  a  tem- 
perature below  212  degrees  Fahrenheit,  and  should  leave  water  in 
wliicli  it  lias  boon  l)oilo(l,  practically  neutral. 

The  insulating  lining  .should  bo  at  least  one-thirty-second  of 
an  inch  in  thickness;  and  the  materials  of  which  it  is  coni])osod 
slit)uld  he  of  such  a  nature  as  will  not  have  a  deteriorating  offoct 
on  tho  insulation  of  the  conductor,  and  be  sufficiently  tough  and 
tenacious  to  withstand  tho  abrasion  test  of  drawing  in  and  out  of 
some  long  lou^lhs  of  conductors. 

The  insulating  lining  should  not  be  mochanically  weak  after 
thro(;  days'  suhinorsion  in  water,  and,  when  removed  from  tho 
j)ipo  entire,  should  not  absorb  more  than  ten  per  cent  of  its  weight 
of  water  durintr  1()()  hours  of  submersion. 

All  olhows  should  bo  made  for  the  purpose,  and  not  bent  from 
lengths  of  ])ipo.  The  radius  of  the  curve  of  the  inner  edge  of 
anv  elbow  should  not  bo  loss  than  three  and  one-half  inches. 

There  should  not  l)o  more  than  the  equivalent  of  four  quarter 
bonds  from  outlet  to  outlet,  the  bends  at  outlets  not  being  counted. 

Each  length  of  conduit,  whether  insulated  or  uninsulated, 
should  have  the  maker's  name  or  initials  stamped  in  the  metal  or 
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attached  to  it  in  some  satisfactory  manner,  so  that  it  may  be  read- 
ily seen,  thus  rendering  it  possible  to  place  the  responsibility  for 
pieces  uot  up  to  standard. 

Uninsulated  Jletal  Conduits  or  plain  iron  or  steel  pipes  may 
be  used  instead  of  the  insulated  metal  conduits,  if  made  equally 
as  strong  and  thick  as  the  ordinary  form  of  gas  pipe  of  the  same 
size,  provided  their  interior  surfaces  are  smooth  and  free  from 
burrs.  To  prevent  oxidation,  the  pipe  should  be  galvanized, 
or  the  inner  surfaces  coated  or  enameled  with  some  substance 
which  will  not  soften  so  as  to  become  sticky  and  i)revent  the  wire 
froui  being  withdrawn  from  the  i)ipc.  Elbows  nmst  be  made  for 
the  purpose,  and  not  bent  from  lengths  of  pipe.  The  radius  of 
curves  and  immber  of  bends  from  outlet  to  outlet  should  be  the 
same  as  given  under  Insulated  Metal  Conduits.  This  bare  iron 
or  steel  pii>e  should  never  contain  any  but  a  special  extra  insu- 
lated wire  as  hereinafter  described: 

Conduit  Wire  for  Insulated  Hetal  Conduits,  whether  single 
or  twin  conductors,  should  be  standard  rubber-covered  wire  as 
(k^ribed  on  page  35;  and  where  concentric  wire  is  used  in  insu- 
lated metal  conduits,  it  should  have  a  braided  covering  between 
the  outer  conductor  and  the  insulation  of  ihe  inner  conductor,  and 
in  addition  should  comply  with  and  be  able  to  withstand  the  test 
of  standard  rubber- covered  wire. 

Conduit  Wire  for  Uninsulated  Metal  Conduits  should  not 
only  have  a  standard  rubber  insulation  as  required  f(.)r  Insulated 
!^^etal  Conduits,  but  in  addition  shoidd  liavc^  a  second  onter  fibrous 
covering  at  least  one-thirty-second  inch  in  thickness,  and  suffi- 
ciently tenacious  to  withstand  Ihe  abrasion  of  being  liaule<l 
through  the  metal  conduit.  When  concentric  condnctors  are  to 
be  used  in  uninsulated  metal  conduits,  th(»v  not  onlv  should 
comply  with  the  requirements  when  used  in  insulated  metal  con- 
duits, but,  in  addition,  should  have  a  second  outer  fibrous  coverini 
at  least  one-thirty-second  of  an  inch  in  thickness  and  sufficiently 
tenacious  to  withstand  the  abrasion  of  being  hauled  through  the 
metal  conduit. 

Interior  Conduit  Installation.    All  conduits  should  be  con- 
tinaoas  from  one  junction  box  to  another  or  to  fixtures,  and  the 
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conduit  tube  should  properly  enter  all  fittings,  otherwise  the  con- 
ductors are  not  perfectly  protected,  and  water  is  much  more 
liable  to  gain  an  entrance  into  the  conduit.  Xo  conduit  with  an 
inside  diameter  of  less  than  five-eighths  inch  should  be  used. 

The  entire  conduit  system  for  a  building  should  be  com- 
pletely installed  before  a  single  wire  is  drawn  in ;  and  all  ends  of 
conduits  should  extend  at  least  one-half  inch  beyond  the  finished 
surface  of  walls  or  ceilings,  except  that,  if  the  end  is  threaded  and 
a  coui)liiig  screwed  on,  the  conduit  may  be  left  flush  with  the 
surface,  and  the  coupling  may  be  removed  w^hen  work  on  the 
building  is  completed. 

After  all  conductors  have  been  drawn  or  pushed  in,  all  outlets 
should  be  plugged  up  with  special  wood  or  fibrous  plugs  made  in 
parts  to  fit  around  the  wire,  and  the  outlet  then  sealed  with  a  good 
compound  to  keep  out  all  moisture.  All  joints  should  be  made 
air-tight  and  moisture-proof. 

The  metal  of  every  conduit  system  should  be  effectually  and 
permanently  grounded.  The  conduit  is  likely  to  be  more  or  less 
grounded,  and  a  ])ositive  ground  is  necessary  for  the  same  reason 
that  a  positive  ground  is  require<l  for  generator  frames  when  it  is 
inipossil)le  to  insulate  tliem  ])erfectly. 

Conduit  Wiring.  The  reason  why  standard  rubber  covered 
wire,  and  not  woatherpro(»f,  should  be  used  in  conduits,  is  that  the 
best  possible  insulation  is  desirable  for  this  class  of  work,  as  the 
insulating  lining  of  tlu^  conduit  nuiy  be  defective  in  places,  and 
there  is  a  possil)iHty  of  dani])ness  getting  into  the  conduit. 

Xo  wires  should  be  drawn  in  until  all  mechanical  work. on 
the  building  is  done. 

Wires  of  different  circuits  should  not  be  drawn  in  the  same 
conduit. 

For  alternating  systems,  tli(^  two  or  more  wires  of  a  circuit 
should  b(^  drawn  in  the  same  conduit,  in  order  to  avoid  trouble 
from  inductive^  l(»s>es,  which,  under  certain  conditions,  would 
cause  a  heating  of  the  iron  conduit  to  a  dangerous  degree.  This 
trouble  from  induction  Lceonics  very  much  less  if  the  wires  are 
in  the  same  conduit;  less  still,  if  the  wires  are  twisted  together; 
and  disappears  almost  entirely  if  concentric  wire  is  used. 
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Even  in  direct-current  work  it  is  advisable  to  place  the  two 
wires  of  a  circuit  in  the  same  conduit,  as  in  so  doing  the  direct 
current  may  be  changed  for  the  alternating  current  without  the 
necessity  of  rewiring,  which  would  be  necessary  if  only  a  single 
wire  were  placed  in  a  conduit. 

Fixtures,  when  supported  from  the  gas  piping  of  a  build- 
ing, should  be  insulated  from  the  gas-pipe  system  by  means  of 
approved  insulating  joints  placed  as  close  as  possible  to  the  ceiling, 
and  the  wires  near  the  gas  pipe  above  the  insulating  joint  should 
be  protected  from  possible  contact  by  the  use  of  porcelain  tubes. 
All  burrs  or  fins  should  be  removed  from  the  fixtures  before 
the  wires  are  drawn  in.  The  tendency  to  condensation  within 
the  pipes  should  be  guarded  against  by  sealing  the  upper  end  of 
the  fixture. 

In  combination  fixtures,  where  the  wiring  is  concealed 
between  the  inside  pipe  and  outer  easing,  the  s]>ace  Ix^tween  pipe 
and  casing  should  be  at  least  a  quarter  of  an  inch  to  allow  ])l(nity 
of  room  for  the  insulation  of  the  wires  without  jauuuing. 

Fixtures  should  be  tested  for  "contacts"  between  conductors 
and  fixtures,  for  "short  circuits"  and  for  ground  connections,  be- 
fore being  connected  to  the  supply  conductors. 

Ceiling  blocks  of  fixtures  should  be  made  of  insulating 
material;  if  not,  the  wires  in  passing  through  the  plate  should  be 
surrounded  by  porcelain  tubes. 

Rosettes.  Tliese  fittings  should  not  1)0  located  where  inflam- 
tnable  flyings  or  dust  will  accumulate  on  them.  Bases  should  bo 
high  enough  to  keep  the  wires  and  terminals  at  least  on(»-half  inch 
from  the  surface  to  which  the  rosette  is  attached. 

Terminals  with  a  turned  up  lug  t()  hold  the  wire  or  cord 
should  be  used,  and  in  no  case  must  the  wire  he  cut  or  injured. 
Fused  rosettes  are  not  advised  for  usf»  where  cords  can  be  properly 
protected  by  line  cut-outs.  If  fused  rosettes  are  used,  the  next 
fuses  back  should  not  be  over  25  amperes  capacity. 

Fixture  Wiring  should  be  done  with  fixture  wire,  which  has 
a  solid  insulation  with  a  slowd)urnIug,  tough,  outer  covering,  the 
whole  at  least  onc-thirty-second  of  an  inch  in  thickness,  and 
having  an  insulation  resistance  between  conductors,  and  between 
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cither  conductor  and  the  ground,  of  at  least  one  megohm  per  mile^ 
after  one  week's  submersion  in  water  at  70  degrees  Fahrenheit, 
and  after  three  minutes'  electrification  with  550  volts. 

Although  Ko.  18  (B.  &  S.  gauge)  is  allowable  in  fixture 
work,  it  is  never  advisable  to  use  smaller  than  No.  IG,  for 
mechanical  reasons.  Supply  conductors,  and  especially  the  splices 
to  fixture  wires,  should  be  ke^^t  clear  of  the  grounded  part  of  gas 
pipes,  and  where  shells  are  used  the  latter  should  have  area 
enough  to  prevent  pressing  the  wires  against  the  gas  pipe  when 
finally  in  place.  Where  fixtures  are  wired  on  the  outside,  it  is 
advisable  to  use  cord  for  attaching  the  wires  to  the  fixture,  and 
not  short  bits  of  wire,  as  the  latter  might  produce  a  short  circuit 
or  ground. 

Flexible  Cord  should  be  made  of  a  number  of  copper  strands; 
no  single  strand  should  be  larger  than  Xo.  26  or  smaller  than  Xo. 
30  (B.  &  S.  gauge),  and  each  conductor  should  be  covered  by  an 
approved  insulation  and  be  protected  from  mechanical  injury  by 
a  tough,  braided,  outer  covering.  When  used  for  pendant  lamps  it 
sliould  hang  freely  in  air  and  be  so  ])laeed  that  there  is  no  chance 
of  its  eoniiuiz:  in  contnct  with  anything  execj^ting  the  lamp  socket 
t(»  wliicli  it  is  nttaclied  and  the  rosette  from  wliieli  it  hangs.  Each 
stranded  conductor  sliould  have  a  carrying  capacity  ecpiivalent  to 
not  less  than  a  Xo.  18  (B.  <i:  S.  gauge)  wire.  Tlie  covering  of  the 
stranded  wires  for  flexible  cord  should  first  liave  a  tight,  close 
wind  of  fine  cotton,  wliieh  is  intended  to  prevent  any  broken 
strand  from  piercing  tlie  insulation  and  causing  a  short  circuit  or 
ground.  Sc^condly,  it  sliould  have  a  solid  waterproof  insulation 
at  least  oue-thirty-second  of  an  inch  thick,  and  should  show  an 
insulation  resistance  of  50  megohms  per  mile  throughout  tAvo 
weeks'  submersion  in  watcT  at  70  degrees  Fahrenheit.  The  outer 
protecting  braiding  should  be  so  put  on  and  sealed  in  place  that 
wdien  cut  it  will  not  fray  out. 

Flexible  cord  should  not  be  used  as  a  support  for  clusters, 
as  it  is  not  slronix  enonali,  and  it  sliould  never  be  used  for  anv- 
thing  other  than  ])endants,  wiring  of  fixtun^s  and  portable  lamps, 
portable*  motors,  or  small,  light  electrical  apparatus. 

Flexible  cord  should  never  be  used  in  show  windows,  as  a 
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defective  piece  might  cause  a  short  circuit  and  set  fire  to  flimsv 
material  or  decorations.  Many  lires  have  been  caused  by  the  use 
of  flexible  cord  in  show  windows,  where  handkerchiefs,  decora- 
tions, etc.,  have  been  pinned  to  the  cord.  When  the  current  is 
"turned  on"  short  circuits  are  caused  by  the  pins,  and  a  fire  is 
the  result. 

Insulating  bushings  should  be  used  where  cords  enter  lamp 
sockets  and  desk  stand  lamps. 

Flexible  cord  should  be  so  suspended  that  the  entire  weight 
of  the  socket,  lamp  and  shade  will  be  borne  by  knots  under  the 
bushing  in  the  socket,  and  above  the  point  where 
the  cord  comes  through  the  ceiling  block  or 
rosette,  in  order  that  the  strain  may  be  taken 
from  the  joints  and  binding  screws.  It  is  good 
practice  always  to  solder  the  ends  of  flexible 
cords  which  are  going  under  binding  screws,  as 
it  holds  the  strands  together  and  pn^vents  the 
pressure  of  the  screws  from  forcing  th(»  strands 
from  under  them  and  against  the  sht^ll  of  the 
socket,  causing  a  grounded  sliell  or  short  circuit.  TiTTi^ 

Where   it  becomes  necessary  to  solder  a         Waterproof  koyio<s 

*'  ,        .        ,  socket,  to   be   ustMl    in 

great  number  of  ends,  as  may  be  required  when     dvo  hou-rs  or  damp 
wiring  a  factory,  use  a  small  ])ot  of  melted 
solder  and  di])  the  ends  of  the  wire,  which  have  all  been  previously 
cut  to  the  proper  length. 

Standard  Lamp  Sockets  should  be  plainly  marked  50  candle- 
power,  250  volts,  and  with  either  the  manufacturer's  name  or 
registered  trade  mark.  The  inside  of  the  sliell  of  the  socket. 
should  have  an  insulating  lining  which  should  absolutely  prevent 
the  shell  from  becoming  part  of  the  circuit,  even  though  a  wire  or 
strand  inside  the  socket  should  become  loose  or  come  out  from 
under  a  binding  screw.  This  insulating  lining  should  be  at  least 
one-thirty-second  of  an  inch  thick  and  of  a  tough  and  tenacious 
material. 

Special  Lamp  Sockets.  In  rooms  where  inflammable  gases 
may  exist,  both  the  socket  and  lamp  should  be  encloscnl  in  a  vapor- 
tight  globe,  supported  on  a  pipe-hanger,  and  wired  with  '^Rubber- 
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Covered''  wire  soldered  directly  to  the  circuit.  No  fuses  or 
switches  of  any  sort  should  be  used  in  such  cases,  as  the  slightest 
arc  might  produce  dangerous  explosions  or  fires.     See  Fig.  11. 

In  damp  or  wet  i)laces,  such  as  dye  houses,  breweries,  etc.,  a 
waterproof  socket  such  as  shown  on  page  51  should  be  used. 
Waterproof  sockets  should  be  hung  by  separate  stranded  rubber- 
covered  wires,  not  smaller  than  Xo.  14  (B.  &  S.).  These  wires 
should  be  soldered"  direct  to  the  circuit  wires,  but  supported  inde- 
pendently of  them.  All  sockets  for  the  above  conditions  should 
be  keyless. 

Stranded  Wires  in  every  case  should  be  soldered  together 
before  being  clamped  under  binding  screws,  and  when  they  have 
a  conductivity  greater  than  Xo.  10  (B.  &  S.)  copper  wire  they 
should  be  soldered  into  lugs.  Stranded  wires  if  not  thus  stiffened 
before  b(»ing  clamped  under  binding  posts,  are  liable  to  be  pressed 
out  or  easily  worked  loose,  making  a  poor  contact,  which  causes 
heating,  a  possibility  of  arcing  or  a  complete  burn  out,  or  fusing 
of  the  wire  at  this  point. 

Bushinsfs.  All  wires  should  be  protected  when  passing 
tlirougli  walls,  partitions  or  floors,  In-  non-combustiblo,  non- 
al)Sor]>tiv('  iiisnlatiug  tiilu'S,  such  as  glass  or  porcelain.  Each 
busliini^  should  1)0  louo;  enoiiii:li  to  iro  clear  tlirouirh  and  allow  a 
projection  of  at  least  a  (piarter  of  an  inch  on  both  ends.  Bush- 
iri^ii:s  should  be  lou^r  (Mioiii^li  to  bush  the  entire  length  of  the  hole 
in  one  contiiiiions  jMecc^;  or  else  the  hole  should  first  be  bushed 
bv  a  coiitiniioiis  waterproof  tube,  wliieli  may  be  a  condnetor,  such 
as  iron  ])ipe,  and  the  tnbn  then  slionld  have  a  non-condneting  bush- 
ing ])nslied  in  at  eaeli  (mkI  so  as  to  keej)  the  wire  absolutely  out  of 
contact  with  the  ccnidneling  l>ipe. 

Automatic  Cut-outs  sneli  as  circuit  breakers  and  fuses  should 
l)e  placed  on  all  seiviee  wires  as  near  as  possible  to  the  point 
where  they  enter  tlie  bnihling,  on  the  inside  of  the  walls,  and 
arranged  to  cut  off  the  entire  current  from  the  building. 

The  cut-ont  or  circuit  breaker  should  alwavs  be  the  first 
thing  that  the  service  wires  are  connected  to  after  enterincr  the 
building:  the  switch  next,  and  then  the  other  fixtures  or  devices 
in  their  order.     This  arrangement  is  made  so  that  the  cut-out  or 
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than  30  per  cent  alwve  the  allowable  carrying  capacity  of  the 
wire,  unless  a  fusible  cut-out  is  also  installed  in  the  circuit. 

Circuit  breakers  open  at  exactly  the  current  they  are  set  for, 
and  instantly ;  therefore  it  is  necessary  to  get  them  considerably 
above  the  ordinary  amount  of  current  retpiired,  to  keep  tbeni  from 
constantly  opening  on  slight  fluctuations.  When  this  is  the  case 
a  double-pole  fusible  cut-out  should  be  added  to  protect  the  wire 
from  a  heavy,  steady  current,  which  may  be  maintained  just 
below  liic  opening  point  of  thej^ireuit  breaker.  The  fuse  requires 
a  little  time  to  heat,  and  therefore  would  not  blow  out  with  a 
momentary  rise  of  current  which  niigbt  open  the  circuit  breaker 
if  set  as  low  as  necessary  to  protect  the  wire,  which  may  be  of  a 
size  only  large  enough  for  the  figured  amount  of  current  imder 
ordinary  conditions  of  operation.  If,  however,  in  the  case  of 
motor  wiring,  the  si/.e  of  wire  is  50  per  cent  above  the  figured 
size  for  the  motor's  average  current,  as  it  should  \k,  then  the 
introduction  of  a  fusible  cut-out  in  addition  to  the  circuit  breaker 
is  unnecessary. 

Insulating  Joints  should  be  made  entirely  of  malerlal  tbnt 
will  nsist  the  nr-tion  of  iJliniiiiiiiliiig  ,!r!is.'s.  and  llial  will  not  iiivr 
wiiy  or  soften  under  the  Jicat  of  an  ordinary  gus  fluine,  or  h'ak 
nnd<>r  a  moderate  pressure. 


lien  Insiihilin^'  Joint. 


They  should  bt-  so  arriinged  tbiit  a  d^'pnwit  of  moisture  will 
not  destroy  the  insniatiiig  effect,  iin<i  should  have  an  insnlation 
resislance  of  at  least  250,000  olims  Ix-tween  the  gas  pipe  attach- 
ments, and  be  snfUeienfly  strong  to  rosist  the  strain  they  will  be 
liuole  lo  be  subjected  to  in  being  inatnlled. 
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Insulating  joints  should  not  contain  any  soft  rubber  in  their 
composition.  The  insulating  material  should  be  of  some  hard 
and  durable  material,  such  as  mica.    See  Fig.  12. 

Insulation  Resistance.     The  wiring  in  any  building  should 

test  free  from  grounds,  u  e.,  the  complete  installation  should  have 

an  insulation  between  conductors  and  between  all  conductors  and 

the  ground  (not  including  attachments,  sockets,  receptacles,  etc.), 

of  not  less  than  the  following: 
Up  to^ 

5  amperes 4,000,000 

10  amperes 2,000,000 

25  amperes 800,000 

50  amperes 400,000 

100  amperes 200,000 

200  amperes 100,000 

400  amperes 50,000 

800  amperes 25,000 

1,6(X)  amperes 12,500 

All  cut-outs  and  safety  devices  in  place  in  the  above. 

Where  lamp  sockets,  receptacles  and  electroliers,  etc.,  are 
connected,  one-half  of  the  above  will  be  required. 

Knife  Switclies.  Switches  should  be  placed  on  all  service 
wires,  either  overhead  or  underground,  in  a  readily  accessible 
place,  as  near  as  possible  to  the  point  where  the  wires  enter  the 
building,  and  arranged  to  cut  off  the  entire  current. 

Knife  switches  should  always  be  installed  so  that  the  handle 
will  be  up  when  the  circuit  is  closed,  so  that  gravity  will  tend  to 
open  rather  than  close  the  switch.  They  should  never  be  single- 
pole  except  when  the  circuit  which  they  control  is  carrying  not 
more  than  six  Ifi-cantlle-power  lamps  or  their  equivalent. 

Double-pole  switches  are  always  preferable  to  single-pole, 
as  they  absolutely  disconnect  the  part  of  the  circuit  out  of  use. 

Flush  Switches.  Where  gangs  of  flush  switches  are  used, 
whether  with  conduit  systems  or  not,  the  swatches  should  be 
enclosed  in  boxes  constructed  of,  or  lined  with,  fire-resisting 
material. 

Where  two  or  more  switches  are  placed  under  one  plate,  the 
box  should  have  a  separate  compartment  for  each  switch.  No 
push  buttons  for  bells,  gas  lighting  circuits,  or  the  like,  should 
be  placed  in  the  same  wall  plates  with  switches  controlling 
electric  light  or  power  wiring. 
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Snap  Switches*  like  knife  switches,  should  always  be 
mounted  on  non-combustible,  non-absorptive,  insulating  bases, 
such  as  slate  or  porcelain,  and  should  have  carrying  capacity 
sufficient  to  prevent  undue  heating. 

When  used  for  service  switches  they  should  indicate  at  sight 
whether  the  current  is  ^'on"  or  "off."  Indicating  switches  should 
be  used  for  all  work,  to  prevent  mistakes  and  possible  accidents. 
The  fact  that  lights  do  not  burn  or  the  motor  does  not  fun  is  not 
necessarily  a  sure  sign  that  the  current  is  off. 

Every  switch,  like  every  piece  of  electrical  apparatus,  should 
be  plainly  marked,  where  it  is  always  visible,  with  the  maker's 
name  and  the  current  and  voltage  for  which  it  is  designed. 

On  constant -potential  systems,  these  switches,  like  knife 
switches,  should  operate  successfully  at  50  per  cent  overload  in 
amperes  with  25  j)er  cent  excess  voltage,  under  the  most  severe 
conditions  they  are  likely  to  meet  with  in  practice.  They  should 
have  a  firm  contact,  should  make  and  break  readily,  and  not  stop 
when  motion  has  once  hvon  imparted  to  the  handle.  When  tliis 
style  of  switch  is  used  for  constant-current  svstems,  thev  should 
close  tlie  main  circuit  and  (lisconiiect  tlio  liranch  wires  wlion 
turned  "off;"  sliould  Ix*  so  constructed  tliat  tliey  will  be  auto- 
niatic  in  action,  not  stopping  between  points  when  startcnl ;  and 
sliou]<l  ])r('vent  an  arc  between  tlie  |)oints  under  all  circumstanec^s. 
They  sliould  also  indicate  at  sight  whether  the  current  is  "on" 
or     otr. 

Incandescent  Lamps.  Table  X  is  compiled  from  a  series  of 
careful  tests  on  a  number  of  incandescent  lamps  taken  from  a 
hiri^e  stock  at  random. 

Poor  reii:ulatiou  of  volt  acre  results  in  more  trouble  with 
incandescent  lamps  and  their  users  than  any  other  fault  in  electric 
lii^htin*^  servicer 

Rome  men  act  on  the  theory  that  so  long  as  the  life  of  a  lamp 
is  satisfactorv,  an  increase  of  voltage,  either  temporary  or  perma- 
nent, will  increase  the  average  light.  The  fact  is  that  when 
lamps  are  burned  above  their  normal  rating  the  average  candle- 
power  of  all  the  lamps  on  the  circuit  is  decreased. 

Excessive  voltage  is  thus  a  double  error — it  decreases  the 
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TABLE  X. 

Incandcsceat  Lamp  Data. 


Volts. 

C.  P. 

Amp. 

Watts 
Per  Lamp. 

Watts 
Per  C.  P. 

Hot 
Res. 

52 

10 

.67 

85 

8.50 

77.61 

M 

16 

1.08 

56 

M 

48.14 

M 

20 

1.84 

70 

« 

88.80 

M 

24 

1.62 

84 

« 

82.09 

M 

82 

2.15 

112 

« 

24.18 

m 

50 

8.36 

175 

m 

15.47 

m 

100 

6.73 

850 

m 

7.72 

m 

150 

10.09 

525 

m 

5.15 

104 

10 

.84 

85 

8.50 

805.88 

i« 

16 

.54 

56 

« 

192.59 

M 

20 

.67 

70 

M 

185.22 

M 

24 

.81 

84 

« 

128.89 

M 

82 

1.08 

112 

m 

96.29 

M 

50 

1.68 

175 

m 

61.90 

M 

100 

s.m 

a50 

M 

80.95 

M 

150 

5.05 

525 

« 

20.50 

110 

10 

.82 

85 

8.50 

843.75 

« 

16 

.51 

56 

« 

215.68 

M 

20 

.64 

70 

M 

171.87 

M 

24 

.76 

84 

M 

144.73 

M 

82 

1.02 

112 

M 

107.84 

•• 

50 

1.59 

175 

M 

r>9.1H 

•i 

100 

8.18 

850 

« 

84.59 

m 

150 

4.77 

525 

M 

28.06 

820 

16 

.291 

64 

4.00 

756.01 

M 

82 

.582 

128 

(1 

879.81 

total  light  of  the  lain])s,  and  increases  the  power  consumed.  If 
increased  light  is  neechMl,  20-can(lle-j)ower  lanij)s  sliould  bo  in- 
stalled instead  of  raising  the  pressure.  Their  first  cost  is  tho 
same  as  IG-candle-power  hunps;  they  take  but  little  more  current 
than  IG-candle-power  lamps  operated  at  high  voltage  and  give 
greater  average  light. 

Increased  pressure  also  decreases  tho  commercial  life  of  tho 
lamp,  and  this  decrease  is  at  a  far  more  rapid  rate  than  tho 
increase  of  pressure,  as  shown  in  tho  following  table.    This  tablo 
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shows  the  decrease  in  life  of  standard  3.1-watt  lamps  due  to 
increase  of  normal  voltage. 

Per  Cent  of 
Normal  Voltage.  Life  Factor. 

100 ;i.000 

101 818 

102 „•. 681 

103 562 

104 452 

105 374 

106 310 

From  this  table  it  is  seen  that  3  per  cent  increase  of  voltage 
halves  the  life  of  a  lamp,  while  6  per  cent  increase  reduces  the  life 
by  two  thirds. 

Intensity  or  Brilliancy.  The  average  brilliancy  of  illumi- 
nation required  will  depend  on  the  use  to  which  the  light  is  put. 
A  dim  light  that  would  be  very  satisfactory  for  a  church  would 
be  wholly  inadequate  for  a  library  and  equally  unsuitable  for  a 
ballroom. 

The  illumination  given  by  one  candle  at  a  distance  of  one 
foot  is  called  the  "candle-foot"  and  is  taken  as  a  unit  of  intensity. 
In  general,  intensitj-  of  illumination  should  nowhere  be  less  than 
one  candle-foot,  and  the  demand  for  light  at  the  present  time 
quite  frequently  r»aises  the  brilliancy  to  double  this  amount.  As 
the  intensity  of  light  varies  inversely  with  the  square  of  the  dis- 
tance, a  1 6-candle-power  lamp  gives  a  candle-foot  of  light  at  a 
distance  of  four  feet.  A  candle-foot  of  light  is  a  good  intensity 
for  reading  purposes. 

Assuming  the  1 6-candle-power  lamp  as  the  standard,  it  is 
generally  found  that  two  1 6-candle-power  lamps  per  100  square 
feet  of  floor  space  give  good  illumination,  three  very  bright  and 
four  brilliant.  Those  general  figures  will  be  modified  by  the 
height  of  ceiling,  color  of  walls  and  ceiling,  and  other  local  condi- 
tions. The  li£:hting  effect  is  reduced,  of  course,  by  an  increased 
height  of  ceiling.  A  room  with  dark  w^alls  requires  nearly  three 
times  as  many  lights  for  tlip  same  illumination  as  a  room  with 
walls  painted  white.  With  the  amount  of  intense  light  available 
in  arc  and  incandescent  lighting,  there  is  danger  of  exceeding 
"the  limits  of  effective  illumination"  and  producing  a  "glaring 
intensity"  which  should  be  avoided  as  carefully  as  too  little 
intensity  of  illumination. 
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Distribution  concerns  the  arrangement  of  the  various  sources 
of  light  and  the  determination  of  their  candle-power.  The 
object  should  be  to  *^secure  a  uniform  brilliancy  on  a  certain 
plane,  or  within  a  given  space.  A  room  uniformly  lighted,  even 
though  comparatively  dim,  gives  an  effect  of  much  better  illumi- 
nation than  where  there  is  great  brilliancy  at  some  points  and 
comparative  darkness  at  others.  The  darker  parts,  even  though 
I  actually  light  enough,  appear  dark  by  contrast,  w^hile  the  lighter 
parts  are  dazzling.  For  this  reason  naked  lights  of  any  kind  are 
to  be  avoided,  since  they  must  appear  as  dazzling  points  in  con- 
trast with  the  general  illumination." 

The  Arrangement  of  tlie  Lamps  is  dependent  very  largely 

upon  existing  conditions.     In  factories  and  shops,  lamps  should 

be  placed  over  each  machine  or  bench  so  as  to  give  the  necessary 

light  for  each  workman.     In  the  lighting  of  halls,  public  build- 

iiigs  and  large  rooms,  excellent  effects  are  obtained  by  dividing 

the  ceilings  into  squares  and  placing  a  lamp  in  the  center  of  each 

square.    The  size  of  square  depends  on  the  height  of  ceiling  and 

on  the  intensitv  of  illumination  desired.    Another  excellent  method 

consists  in  placing  the  lamps  in  a  border  along  the  w^alls  near  the 

ceiling. 

For  the  illumination  of  show  windows  and  for  display  effects, 
care  must  be  taken  to  illu#iinate  by  reflected  light.  The  lamps 
should  be  so  placed  as  to  throw  their  rays  upon  the  display  with- 
out casting  any  direct  rays  on  the  ol)server. 

The  relative  value  of  high  candle-power  lamps  in  comparison 
with  an  equivalent  number  of  16-candle-power  lamps  is  worthy  of 
rotice.  Large  lamps  can  be  efficiently  used  for  lighting  large 
areas,  but  in  general  a  given  area  wnll  be  much  less  effectively 
lighted  by  high  candle-power  lamps  than  by  an  equivalent  number 
of  16-candle-power  lamps.  For  example,  sixteen  64-candle-ix)wer 
lamps  distributed  over  a  large  area  will  not  give  as  good  general 
iUmnination  as  sixty-four  1 6-candle-pow^er  lamps  distributed  over 
the  same  area.  High  candle-power  lamps  are  useful  chiefly  w^hen 
a  brilliant  light  is  needed  at  one  point,  or  where  space  is  limited 
and  an  increase  in  illuminating  effect  is  desired. 

The  Relative  Value  of  the  Arc  and  Incandescent  Systems 
of  Lighting   is  frequently  difficult  to  determine.     Incandescent 
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Fuse  Wire.  1'able  XI  shows  the  sizes  of  fuse  wire  and  thjc 
approximate  current-carrying  capacity  of  each  siL^e. 

Fuses  have  been  known  to  blow  out  simply  from  the  heat  due 
to  poor  contact  when  nowhere  near  their  current-carrying  capacity 
had  been  reached.  They  should  be  so  put  up  and  protected  that 
nothing  will  tend  to  rupture  them  except  an  excessive  flow  of 
current.  No  fuse  of  the  larger  sizes  ever  blew  out  without 
causing  a  greater  or  less  fire  risk. 

Fuses  blow  out  or  melt  from  excessive  heat,  and  nothing 
else,  and  are  therefore  not  as  instantaneous  in  their  action  as  a 
circuit  breaker,  which  is  constantly  cared  for  and  kept  clean. 
Central  stations  or  large  isolated  plants  subject  to  greatly  varying 
loads  should  have  their  lines  and  generators  protected  by  both 
fuses  and  magnetic  circuit  breakers  as  a  double  protection  against 
excessive  current. 

The  lengths  of  fuses  and  distances  betw^een  terminals  are 
important  points  to  be  considered  in  the  proper  installation  of 
these  electrical  ^^safetv  valves."  No  fuse  block  should  have  its 
terminal  screws  nearer  together  than  one  inch  on  50  or  100-volt 
circuits,  and  one  inch  additional  space  should  always  be  allowed 
between  terminals  for  cnery  100  volts  in  excess  of  this  allowance. 
For  examjde,  200-volt  circuits  should  have  their  fuse  terminals 
2  inclies  apart,  *]00-volt  3  inches,  and  500-volt  5  inches.  This 
rule  will  ])revciit  the  burning  of  the  terminals  on  all  occasions  of 
rupture  from  maxinuini  cnrrctit,  and  this  maximum  current 
means  a  ^'short  circnit."  (lood  contact  is  absolutely  essential  in 
the  installation  and  maintenance  of  fnses.  See  that  the  copper 
ti})s  to  all  fuses  are  well  soldered  to  th(^  fuse  wire,  and  further- 
more see  that  the  binding  screw  or  nut  is  firmly  set  up  against 
this  copper  tip  when  the  fuse  is  placed  in  circuit;  a  100-ampere 
fuse  can  be  readily  ^'blown"  by  25  amperes  if  the  above  pre- 
cautions are  not  carried  out.  Poor  contact  in  everv  case  can 
cause  a  heating  l)eyond  the  carrying  capacity  of  the  largest  fuses. 
On  the  oth(»r  hand,  mneli  damage  can  be  done  by  using  too  short 
fnscs  and  too  large  terminals,  as  the  radiation  of  heat  from  the 

short  piece  of  fuse  wire  to  the  heavy  metal  terminals   and  set 
screws  or  nuts  can  very  easily  raise  the  current-carrying  capacity 
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of  a  fuse  designed  to  carry  50  amperes  to  100  amperes,  or  even 
more.  All  open-link  fuses  should  be  placed  in  cut-out  cabinets 
when  possible. 

Cut-out  Cabinets  should  be  so  constructed,  and  cut-outs  so 
arranged,  as  to  obviate  any  danger  of  the  melted  fuse  metal  com- 
ing in  contact  with  any  substance  which  might  be  ignited  thereby. 
A  suitable   box   may  be   made   of  marble,   slate   or   wood, 
strongly  put  together,  the  door  to  close  against  a  rabbet  so  as  to  bo 
perfectly  dust  tight,  and  it  should  be  hung  on  strong  hinges  and 
held  closed  by  a  strong  hook  or  catch.     If  the  box  is  wood  the 
inside  should  be  lined  with  sheets  of  asbestos  board  about  one- 
sixteenth  of   an   inch    in   thickness,   neatly   put   on    and   firmly 
secured  in  place  by  shellac  and  tacks.     The  wires  should  enter 
through  holes  bushed  with  porcelain  bushings,  the  bushings  tightly 
fitting  the  holes  in  the  box,  and  the  wires  tightly  fitting  the  bush- 
ings  (using  tape  to  bind  up  the  w^iro,  if  necessary),  so  as  to  keep 
out  the  dust. 

The  Enclosed  Fuse,  or  "Cartridge  Fuse"  (see  Fig.  13),  con- 
sists of  a  fusible  strip  or  wire  placed  inside  of  a  tubular  hold- 
ing jacket  filled  with  porous  or  powdered  insulating  material 
through  which  the  fuse  wire  is  suspended  from  end  to  end  and 
which  surrounds  the  fuse  wire.  The  wire,  tube  and  filling  are 
niade  into  one  complete,  self-contained  device  with  brass  or  copper 
terminals  or  ferrules  at  each  end,  the  fuse  wire  being  soldered 


Fip.  13. 
Enclosed  Fuse. 


to  the  inside  of  the  ferrules.  When  an  inclosed  fuse  "blows"  by 
excess  current  or  short  circuit  the  gases  resulting  are  taken  up  by 
the  filling,  the  explosive  tendency  is  reduced  and  flashing  and 
arcing  are  eliminated. 

Incandescent  Lamps  in  Series  Circuits  should  be  wired  with 
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the  same  precaution  as  for  series  arc  lighting  and  each  lamp 
should  be  provided  with  an  automatic  cut-off. 

Each  lamp  should  be  suspended  from  an  approved  hanger 
Jx)ard  by  means  of  a  rigid  tube,  to  prevent  the  wires  from  constant 
swinging. 

Xo  electro-magnetic  device  for  switches  and  no  system  of 
multiple,  series,  or  series-multiple  lighting  in  this  class  of  work 
should  be  used.  Under  no  circumstances  should  incandescent 
lamps  in  series  circuits  be  attached  to  gas  fixtures,  as  the  high 
voltage  necessarily  employed  in  this  class  of  lighting  should  be 
kept  as  far  as  possible  from  gas  piping,  which  is  so  thoroughly 
grounded  or  likely  to  be. 

When  incandescent  lamps  are  used  for  decorative  purposes, 
as  in  the  use  of  miniature  colored  lamps,  and  it  is  necessary  to 
run  two  or  more  in  series,  permission  should  always  be  secured, 
in  writing,  from  the  Inspection  Department  having  jurisdiction. 

Arc  Lamps  should  be  carefully  isolated  from  inflammable 
material,  should  l)e  prmided  at  all  times  with  a  glass  globe  sur- 
rounding the  arc  and  securely  fastened  upon  a  closed  base.  No 
broken  or  cracked  globes  should  be  used,  as  they  are  designed  to 
prevent  hot  bits  of  carbon  from  falling  to  the  floor  should  they 
fall  from  the  carbon  holder.     All  Hobes  for  inside  work  should  be 

n 

covered  with  a  win^  netting  having  a  mesh  not  exceeding  one  and 
one-quarter  inches,  to  retain  the  pieces  of  the  glol>e  in  position 
should  the  latter  become  broken  from  any  cause.  A  globe  thus 
broken  should  be  replaced  at  once.  When  arc  lamps  are  used 
in  rooms  containing  readily  inflammable  material  they  should 
be  provided  with  a])])rov(Ml  spark  arresters,  which  should  1)0  made 
to  fit  so  closely  to  tlu*  upper  orifice  of  the  globe  that  it  would  be 
impossible  for  any  sparks  thrown  off  by  the  carbons  to  escape. 
It  is  safer  to  use  ]>lnin  carbons  and  not  copper-plated  ones  in  such 
rooms,  or  In^tter  still,  an  enclosed  arc  lamp,  one  having  its  carbons 
enclosed  in  a  practically  tight  glass  glol)e  wliich  is  inside  the 
outer  globe,  ^^^lere  hanger-boards  are  not  used  arc  lamps  should 
l»e  hung  from  insulating  supports  other  than  their  conductors. 

All  arc  lamps  should  l>e  provided  with  reliable  stops  to  pre- 
vent carbons  from  falling  out  in  case  the  clamps  become  loose. 
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and  all  exposed  parts  should  be  carefully  insulated  from  the  cir- 
cuit. Each  lamp  for  constant-current  systems  should  be  provided 
with  an  approved  hand  switch,  and  also  an  automatic  switch  that 
will  shunt  the  current  around  the  carbons,  so  that  the  lamp  will 
thus  cut  itself  out  of  circuit  should  the  carbons  fail  to  feed 
properly.  If  the  hand  switch  is  placed  anywhere  except  on  the 
lamp  itself,  it  should  comply  in  every  respect  with  the  require- 
ments for  switches  on  hanger-boards  as  described  under  the  latter 
heading. 

Arc  Light  Wiring,  All  wiring  for  high-potential  arc  light- 
ing circuits  should  be  done  with  "Rubber-Covered"  More.  The 
wires  should  be  arranged  to  enter  and  leave  the  building  through 
an  approved  double-contact  service  switch,  which  should  close  the 
main  circuit  and  disconnect  the  wires  in  the  building  when  turned 
"off."  These  switches  should  be  so  constructed  that  they  will  be 
automatic  in  their  action,  not  stopping  between  points  w^hen 
started,  and  preventing  arcing  between  points  under  any  circum- 
stances, and  should  indicate  plainly  whether  the  current  is  '^on" 
or  *^off."  N^ever  use  snap  switches  for  arc  lighting  circuits.  All 
arc  light  wiring  of  this  class  should  be  in  plain  sight  and  never 
enclosed  except  when  recpiired,  and  should  be  supported  on  porce- 
lain or  ^lass  insnlators  wliicli  separate  the  wires  at  least  one  inch 
from  tlie  surface^  wired  over.  Tlie  wires  sliould  Ik'  kept  rigidly  at 
least  eit^ht  inelies  apart,  except  of  course  within  tlie  lamp,  lianger- 
fjoard,  or  ent-ont  ])ox  or  switeli.  On  side  walls  the  wiring  should 
he  ])roteeted  from  nieehanieal  injnrv  l)y  a  substantial  boxing 
r(»taining  an  air  space  of  one  inch  around  the  e<Miduetors,  closed 
at  th(»  to])  (the  wires  passing  through  l)ushe(]  holes'),  and  extend- 
ing not  l(*ss  than  sev(Mi  feet  above  the  floor.  When  crossing  floor 
timbers  in  ccdlars  or  in  rooms,  where  they  niii;ht  l»e  ex]>osed  to 
in  jury,  wires  should  be  attached  by  their  insulatinir  supports  to 
the  under  side  of  a  wooden  strip  not  less  than  one-half  an  inch 
in  thickness. 

Arc  Lamps  on  Low-Potential  Circuits  shc^uld  have  a  cut-out 
for  each  lamp  or  series  of  lamps.  The  branch  conductors  for 
such  lamps  should  have  a  carryiuii:  eapacity  about  r>()  per  cent  iu 
excess  of  the  normal  current  required   by  the  lamp  or  lamps,  tc 
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provide  for  the  extra  current  necessary  when  the  lamps  are  started, 
or,  should  a  carbon  become  stuck,  to  prevent  over-fusing  the 
wires.  If  any  resistance  coils  are  necessary  for  adjustment  or 
regulation,  they  should  be  enclosed  in  non-combustible  material 
and  be  treated  as  sources  of  lieat;  it  is  preferable  that  such 
resistance  coils  be  placed  within  the  metal  framework  of  the 
lamp  itself.  Incandescent  lamps  should  never  be  used  for  resist- 
ance devices.  These  lamps  should  be  provided  with  globes  and 
spark  arresters,  as  in  the  case  of  arc  lamps  on  high-potential  series 
circuits,  except  when  the  enclosed  arc  lamps  are  used. 

Economy  Coils,  or  compensator  coils,  for  arc  lamps  should 
be  mounted  on  glass  or  porcelain,  allowing  an  air  space  of  at  least 
one  inch  between  frame  and  support,  and  in  general  should  be 
treated  like  sources  of  heat. 

Hanger-Boards  should  be  so  constructed  that  all  wires  and 
current-carrying  devices  thereon  will  be  exposed  to  view  and 
thoroughly  insulated  on  non-combustible,  non-absorptive  insulat- 
ing substance,  such  as  porcelain. 

All  switches  attached  to  the  hanger-board  should  be  so  con- 
structed that  they  will  be  automatic  in  th(»ir  action,  cutting  oflf 
both  poles  to  the  lamp,  not  stopping  between  points  when  started, 
and  preventing  an  arc  between  j)oints  under  all  circumstances. 

Electric  Heaters  should  alwavs  be  treated  as  sources  of  heat 
and  kept  away  from  inilanunabh^  materials.  Each  heater  should 
have  a  cut-out  an<l  indicating  switch,  and  all  attachments  from 
the  feed  wires  to  tin*  heater  should  be  ke])t  in  plain  sight,  easily 
accessible  and  protected  from  interference.  Each  heater  should 
have  a  name-plate  giving  the  maker's  name  and  the  normal  capac- 
ity in  volts  and  amperes. 

Approved  Apparatus  and  Supplies.  Every  article  or  fitting 
intended  for  use  in  electrical  wiring  or  construction  or  in  con- 
nection therewith  should,  before  being  manufactured  or  placed 
upon  the  market,  l>e  examined  and  approved  by  the  Fnderwriters' 
National  Electric  Association  for  use  under  the  rules  and  require- 
ments of  the  Xational  l^oard  of  Fire  Underwrit(Ts  and  placed 
upon  their  official  list  of  "approved"  el(»ctrical  fittings. 

Any  netv  article,  therefore,  or  modification  of  an  old  article, 
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intended  to  be  placed  in  general  electrical  use,  should  first  be  sent 
for  examination  and  test  to  the  laboratory  of  the  Electricai 
Bureau  of  the  National  Board  of  Fire  Underwriters,  67  East 
Twenty-first  street,  Chicago,  111. 

If  the  article  is  approved  it  will  be  placed  upon  the  list  of 
fittings,  which  list  is  revised  quarterly.  When  buying  electrical 
supplies  of  any  description  make  sure  that  they  have  been  ap- 
proved. If  tliere  is  any  question  about  it,  make  your  supply 
dealer  give  you  a  guarantee  that  they  will  be  approved  by  the 
Fire  Underwriters'  Inspector  if  installed  in  accordance  with  the 
rules  and  requirements  of  the  National  Board  of  Underwriters. 

Electrical  Inspection.  The  principal  points  regarding  the 
safe  installation  of  dynamos,  motors,  outside  and  inside  wiring, 
as  required  by  the  insurance  underwriters,  have  been  set  forth  in 
this  paper.  Tliere  will  probably  arise  questions  which  cannot 
be  settled  by  reference  to  the  suggestions  herein  contained,  and 
therefore  a  great  deal  has  to  be  left  to  the  judgment  of  the  con- 
structing engineer  and  inspector.  In  every  such  case  the  Inspec- 
tion Department  liaving  jurisdiction  should  be  consulted  with 
p(M'foct  assurance  that  liotliing  unr(»ns()iial)le  will  ever  be  demanded 
in  tlie  way  of  spc^cial  eoiistniction. 

Every  piece  of  wiring  or  electrical  construction  work, 
VN'Ii(^tlier  oj)eii  or  concealcMl,  should  be  and  usually  is  insju'cted, 
and  notice,  tlicMTfore,  sliould  alwavs  be  sent  bv  tlie  contractor  or 
eiigincor  to  tlu^  board  having  jurisdiction,  immediately  upon  oou\- 
j)I('tion  of  any  woi'k. 

Xegligence  in  this  matter  has  frecpiently  caused  floors  to  be 
torn  up  wh(»n  doul)lfnl  work  has  been  snsj)eeled,  and  at  the  cost 
of  the  jiarties  who  installed  the  wiring. 

Tlie  insurance  insj)eetor  cannot  order  any  ])iece  of  wiring 
taken  out  or  altered,  but  always  reports  whether  or  not  the  plant 
is  instalbnl  in  a  manner  which  will  reduce  +.he  fire  risk  to  a  mini- 
mum. If  the  inspector  has  occasion  to  recommend  any  chan^o? 
which  he  considers  for  the  safety  of  the  building,  and  such 
changes  are  not  immediately  mado,  he  n^commends  thai  the  insur- 
ance rate  on  the  building  be  so  raised  that  it  will,  in  the  end,  be 
found  advisable  to  attend  to  his  snircrestions,  which  are  in  everv 
«ase  reasonable. 
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PRACTICAL  TEST  QUESTIONS. 

In  the  foregoing  sections  of  this  Cyclopedia 
numerous  illustrative  examples  are  worked  out  in 
detail  in  order  to  show  the  application  of  the  various 
methods  and  principles.  Accompanying  these  are 
examples  for  practice  which  will  aid  the  reader  in 
fixing  the  principles  in  mind. 

In  the  following  pages  are  given  a  large  number 
of  test  questions  and  problems  which  afford  a  valu- 
able means  of  testing  the  reader's  knowledge  of  the 
subjects  treated.  They  will  be  found  excellent  prac- 
tice for  those  preparing  for  College,  Civil  Service, 
or  Engineer*s  License.  In  some  cases  numerical 
answers  are  given  as  a  further  aid  in  this  work. 


REVIKTV'    QtJKSTIOXS 


OI»r   TlIK    SUJiJHSCiT    O  !•' 


GAS    AND    OIL    KNGIXKS. 


1.  Describe  the  cycle  of   operations  in  the  Lenoir  engine. 

2.  What  is  the  usual  pressure  in  the  cylinder  when  the 
exhaust  valve  opens?  What  device  is  used  to  reduce  the  work 
necessary  to  raise  a  valve  against  that  pressure  ? 

3.  What  is  an  internal  combustion  motor,  and  what  are  its 
principal  advantages  over  the  external  combustion  motor  ? 

4.  Describe  a  gas  producer  plant  and  explain  the  differ- 
ences between  the  pressure  and  the  suction  types  of  producer 
plant.  Will  a  given  gas  engine  develop  as  much  power  with  pro- 
ducer gas  as  with  coal  gas  ? 

5.  What  is  the  pressure  at  the  end  of  compression  in  the 
ideal  Otto  cycle  engine  with  30%  clearance  ? 

6.  What  is  the  efficiency  of  the  engine  in  the  previous 
problem,  and  what  is  the  probable  efficiency  of  an  actual  engine 
with  the  same  clearance  ? 

7.  What  is  an  external  combustion  motor  and  what  are  its 
principal  defects  ? 

8.  Describe  the  series  of  operations  of  the  Otto  cycle. 

9.  Explain  the  hit-and-miss  system  of  governing  gas 
engines.     How  is  it  carried  out?     AVhat  are  its  d  i  sad  van  t  acres? 

10.  What  are  the  functions  of  the  valves  used  in  a  gas 
engine?  What  kind  of  valve  is  generally  used  ?  Whicli  of  the 
valves  may  be  automatic  in  action  t 

11.  Draw  and  explain  the  indicator  card  of  an  engine  using 
the  Otto  cycle  with  increased  expansion. 

12.  Describe  the  procedure  in  starting  a  small  gas  engine 
by  baud.     How  can  a  large  gas  engine  be  started  ? 
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13.  What  is  the  usual  method  of  actuating  the  valves? 
What  must  be  the  speed  of  revolution  of  the  side  shaft  ? 

14.  Why  is  it  possible  (a)  to  compress  to  higher  pressures, 
and  (b)  to  use  a  larger  excess  of  air  with  the  Diesel  cycle  than 
with  the  Otto  cycle  ?  How  is  the  governing  carried  out  in  the 
Diesel  engine  ? 

15.  Describe  the  method  of  burning  heavy  oils  used  in  the 
Hornsby-Akroyd  engine. 

10.  Describe  the  procedure  in  starting  an  engine  with  gaso- 
line. How  much  gasoline  does  an  average  engine  use  per  brake 
horse  power  per  hour  ? 

17.  What  are  the  most  common  causes  of  failure  to  start  in 
a  gas  engine  ?    How  would  you  set  to  work  to  find  out  the  trouble? 

18.  How  may  kerosene  be  vaporized  before  being  sent  to 
the  cylinder  of  the  engine?  What  is  meant  by  the  cracking  of 
kerosene,  and  how  is  it  caused  ? 

19.  What  is  carbureted  air?  Describe  the  action  of  a  car- 
buretor for  gasoline.     Where  should  the  gasoline  tank  he  placed  ? 

20.  Draw  the  indicator  card  for  the  Otto  cycle.  What  kind 
of  compression  occurs  in  this  cycle? 

21.  AVliat  is  back-firincr,  how  is  it  caused  and  how  remedied  ? 

22.  AVluit  is  the  average  fuel  consumption  in  a  gas  engine? 

23.  AVliat  are  the  fuels  used  in  oil  engines?  How  are  they 
obtained  and  how  may  they  ]>e  distinfrnished    from   one  another? 

24.  T'pon  what  does  the  efiicieney  of  the  Otto  cycle  depend? 
Under  what  conditions  will  the  efficiency  be  liit^h  ? 

25.  Describe  hot  tube  iirnition. 

20.  Explain  the  0{)eration  of  a  make-an(l-]>reak  igniter. 
Sketch  the  necessary  electric  connections. 

ft- 

27.  Explain  carefully  the  series  of  operations  in  a  two-cycle 
eras  encrine.      What  are  the  advanttttres  and  defects  of  this  type? 

28.  Describe  the  Diesel  cycle  and  draw  an  indicator  card 
illustrating  the  processes. 

2^.K  Describe  three  methods  of  governing  by  the  variable- 
impulse  system  and  discuss  their  relative  advantages. 

30.  What  do  you  understand  l)y  tiniino;  the  itrnltion,  and 
by  lead  of  the  ignition?  What  is  the  effect  of  too  small  lead  and 
what  of  too  threat  lead  ?     Illustrate  by  indicator  cards. 
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AUTOMOBILES 


1.  What  is  the  function  of  mufflers,  and  what  troubles  are  tbe\' 
liable  to  devdop? 

2.  Describe  the  methods  of  cylinder  cooling  in  general  use. 
What  is  the  most  economical  temperature  for  the  cylinders  of  a  gaso- 
lene motor? 

3.  Describe  the  diding  gear  transmission. 

4.  What  is  the  difference  in  the  action  of  the  blut-k,  roller,  and 
sdf-adjusting  sprocket  chains? 

5  If  the  brake  refuses  to  act  what  alternative  remains  to  stop 
the  madiine? 

6.  How  is  the  flexibility  of  the  pn^peller  shaft  secured? 

7.  What  forms  of  cooling  surfaces  are  commonly  used  for  air- 
cooled  cylinders? 

8.  Describe  the  three  forms  of  ignition. 

9.  Describe  the  steps  to  lie  taken  in  the  operation  of  an  auio- 
mobQe,  and  state  what  parts  of  the  machine  ref|uire  special  anention. 

10.  Name  the  three  general  classes  of  automobiles. 

11.  Explain  the  differenc-e  l>etween  2-<ycle  and  -i-cyde  motors. 
12     Describe  the  multiple  dLsc  clutch. 

13.  What  is  the  effect  on  the  motor  of  too  rich  gasT 

14.  Describe  the  asual  method  of  steering  an  automobile, 

15.  How  is  the  circulation  of  air  maintained  for  air-cooling? 

16.  How  is  a  sprag  used? 

17.  Describe  the  white  steam  generator.     How  di^es  it  differ 
from  an  ordinaiy  boiler? 
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18.  What  is  the  relative  position  of  the  clutch  in  the  transmission 
system? 

19.  What  causes  premature  ignition,  and  what  is  its  efifect? 

20.  What  are  the  most  common  chain  troubles,  and  how  are 
they  remedied? 

21.  Describe  the  devices  used  to  supplement  the  springs  of 
automobiles. 

22.  Describe  four  forms  of  friction  drives. 

23.  What  changes  in  automobile  design  are  suggested  by  Amer- 
ican road  conditions? 

24.  W' hat  are  the  essential  features  of  the  rear  axle? 

25.  What  operations  may  be  controlled  by  the  steering  wheel? 

26.  What  kinds  of  bearings  are  in  general  use?  Give  the  rela- 
tive advantages  of  each  kind. 

27.  How  can  the  compression  be  tested? 

28.  Describe  the  methods  used  for  varying  the  proportion  of 
gasolene  and  air  in  diflFerent  cari)urettors. 

29.  Describe  the  types  of  pumps  used  for  water  circulation. 

30.  Describe  each  of  the  essential  parts  of  a  gasolene  motor. 

31.  What  is  the  object  of  tlie  differential  gear)  and  where  is  it 
used  ? 

32.  What  type  of  wheel  is  commonly  used  for  autoniolnles? 
Describe  its  coiistniction. 

33.  What  considerations  detciTiiinc  the  location  of  the  engine  on 
the  cha.ssis? 

34.  What  is  tlic  function  of  plaiictarj'  gears,  and  how  do  they 
o])eratcV 

35.  What  is  the  function  of  radius  rods,  and  where  should  thev  be 
located? 

3().     What  is  tlie  most  coninion  form  of  })rakc  for  automobiles? 

37.     What  is  the  most  desirable  method  of  vehicle  control? 

3S.  What  is  the  (^ciirral  arrangement  of  the  propeller  shaft 
transmission? 

30.  Wliat  are  the  tliree  methods  of  fastening  pneumatic  tires  to 
the  wheel  rims? 
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1.  If  they  are  near  together  how  are  two  flat  parallel  sur 
faces  stayed  ? 

2.  Describe  a  rivet. 

3.  Since  copper  is  such  a  desirable  metal  for  boiler  work 
why  is  it  not  used  more  extensively? 

4.  Why  is  a  large  factor  of  safety  used  for  stays  ? 

5.  State  what  you  can  (briefly)  about  the  injuries  done  to 
plates  by  punching  and  the  methods  employed  to  overcome  them. 

6.  Why  are  not  welded  joints  used  more  generally? 

-    7.     In  what  two  ways  are  tubes  fastened  to  the  tube  sheet? 

8.  About  what  is  the  ratio  of  length  to  diameter  of  the 
multitubular  type  of  boiler  ? 

9.  Explain  riveting  with  countersunk  head. 

10.  Is  the  greatest  tendency  to  rupture  along  the  longitu- 
dinal or  the  circumferential  seams  ? 

11.  Why  is  the  length  of  a  grate  limited? 

12.  Which  is  the  stronger  form  of  riveting,  the  lap  joint  or 
doable  butt  joint  (both  with  double  riveting)  ? 

13.  Why  are  the  sliort  screw  stay  l)olts  turned  smooth  in 
the  center  ? 

14.  Why  are  flanged  joints  preferable  to  those  made  with 
cast  iron  angle  irons  ? 

15.  What  is  the  water-leg? 

16.  For  what  qualities  are  boiler  materials  tested  ? 

17.  What  is  the  principal  advantage  of  pneumatic  calking? 
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18.  Name  some  of  the  considerations  that  must  be  kept  in 
mind  when  designing  a  boiler  ? 

19.  If  the  rivet  is  1  inch  in  diameter  what  would  yote  make 
the  pitch,  if  single  riveted  lap  joint? 

20.  Upon  what  does  the  choice  of  type  of  boiler  depend? 

21.  What  is  the  thickness  of  the  shell  of  a  boiler  if  the 
diameter  is  60  inches,  the  steam  pressure  70  pounds  per  square  inch, 
the  joint  has  an  efficiency  of  .68  and  the  working  strength  of  the 
metal  9000  pounds  per  square  inch?  The  working  strength 
equals  the  breaking  strength  S,  divided  by  f . 

Use  the  formula      t  =  --=-^.  Ans.  f  inches. 

2SE  ® 

22.  Find  the  allowable  pressure,  if  the  above  conditions  are 
the  same,  with  the  exception  of  t,  which  is  ^  inch. 

Ans.  102  pounds  per  square  inch. 

23.  Why  should  calking  be  done  carefully  and  with  a  proper 
shaped  tool  ? 

-    24.     About  what  fraction  of  the  volume  of  a  multitubular 
boiler  is  the  steam  space  ? 

25.  If  the  boiler  is  to  supply  steam  to  a  high  speed  engine, 
should  the  steam  space  be  larger  or  smaller  than  if  to  a  low  speed 
engine  ? 

26.  Why  is  wrought  iron  preferable  to  cast  iron  for  boiler 
shells  ? 

27.  AVhy  is  a  riveted  joint  weaker  than'an  uncut  plate? 

28.  A  boiler  evaporates  3211  pounds  of  water  per  hour. 
The  grate  is  Gi  feet  by  4  feet  and  the  coal  evaporates  9^-  pounds 
of  water  per  pound.     AVhat  is  the  rate  of  combustion  ? 

Ans.  1 3  pounds  per  sq.  ft.  per  hour. 

29.  What  kind  of  joint  is  generally  used  for  longitudinal 
seams  ? 

30.  AVhat  should  be  the  diameter  at  the  top  of  a  chimney 
81  feet  high  if  2.88  pounds  of  coal  are  burned  per  horse-power 
ner  hour,  and  the  horse-power  is  160  ? 

Use  formula  foot  page  56.  Ans.  28  inches. 

31.  Name  four  general  requirements  that  a  boiler  must 
have. 

32.  What  are  the  advantages  of  machine  riveting 
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THE   STEAM   ENGINE. 


PART   I. 


1.  What  should  be  the  rim  weight  of  a  cast  iron  fly-wheel 
which  is  15  feet  in  diameter,  if  the  engine  is  of  the  Corliss  type, 
with  an  18*^  X  36  ^^  cylinder,  aud  runs  at  90  revolutions  per 
minute  ? 

2.  In  what  way  does  the  action  of  steam  in  the  turbine 
engine  differ  from  the  action  of  steam  in  the  ordinary  reciprocating 
engine? 

3.  What  is  the.  theoretical  height  of  a  simple  pendulum 
governor  which  makes  65  revolutions  per  minute? 

4.  In  what  way  did  Newcomen  improve  the  steam  engine  ? 
6.     Explain  the  difference  between  the  condensing  and  the 

noncondensing  engine,  and  show  why  the  condenser  increases  the 
power  of  the  engine. 

6.  Describe  two  methods  of  overcoming  the  danger  due  to 
high  rotative  speed  in  the  steam  turbine. 

7.  What  two  principles  did  James  Watt  follow  in  his 
experiments  on  the  steam  engine? 

8.  What  types  of  engines  have  no  fly-wheel?  Why  have 
they  no  fly-wheel  ? 

9.  What  should  be  the  thickness  of  rim  for  a  cast  iron  fly- 
wheel weighing  4,480  pounds ;  the  face  is  12  inches  wide,  aud  the 
diameter  of  the  wheel  15  feet? 

10.    Name  some  of  Watt's  inventions  and  ijuprovements  in 
the  steam  engine. 
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11.  What  is  meant  by  compound  and  triple  expansion 
engines? 

12.  What  is  a  Woolf  engine?  What  is  a  tandem  engine? 
A  cross  compound  ? 

13.  Explain  with  sketch  the  action  of  a  sight-feed  cylinder 
lubricator. 

14.  What  is  the  function  of  a  governor? 

15.  Why  is  not  the  power  given  out  by  an  engine  constant 
during  a  given  time? 

16.  What  are  the  relative  advantages  and  disadvantages  of 
turbine  engines  as  compared  with  reciprocating  engines  ? 

17.  What  is  the  office  of  the  fly-wheel? 

18.  How  does  the  height  of  the  governor  affect  its  sensi- 
tiveness ? 

19.  Why  are  lubricants  used?  Name  the  requisites  of  good 
lubricants. 

20.  Name  the  advantages  of  the  vertical  engine. 

21.  Describe  the  two  kinds  of  governors. 

22.  In  what  two  ways  do  governors  vary  the  work  done  on 
the  i)iston  ? 

23.  How  are  high-speed  engines  oiled? 

24.  Wliich  class  of  engine  needs  the  larger  fly-wheel,  and 
why,  high  speed  or  low  speed  ? 

25.  Describe  the  direct-acting  steam  pump. 

2f).  How  does  the  action  of  the  Buckeye  engine  governor 
in  clianging  the  amount  of  steam  admitted  per  stroke  differ  from 
the  action  of  the  straight-line  engine  governor? 

27.  What  are  the  advantages  and  the  principal  disadvan- 
tages of  the  Corliss  engine  ? 

28.  Name  the  requisites  for  high-speed  reciprocating 
engines. 

29.  Why  do  pumping  engines  usually  have  devices  for 
economy  ? 

30.  Ex[)lain  how  the  expansion  of  steam  is  obtained  in  each 
of  the  two  types  of  steam  turbine. 

31.  If  the  height  of  a  simple  pendulum  governor  is  8  inches, 
what  is  the  equivalent  height  if  a  weight  equal  to  li  times  the 
weight  of  the  balls  is  added? 
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o3»   VHM   auBUsor  or 


m:axaqesmext  of  i>yxamo-electrio 

machinery. 


PART  I. 


1.  Why  18  the  steam  turbine  well  adapted  for  direct  connec- 
tion? 

2.  On  a  three-wire  system  is  it  better  to  use  110-volt  or 

220- volt  motors  ?     Explain  why. 

3.  Describe  construction  and  operation  of  the  Fort  Wayne 
self-starting  synchronous  motor. 

4.  What  methods  are  used  for  controlling  the  s|)eeii  of  in- 
duction motors  ?     Which  one  is  preferable  ? 

5.  How  can  the  friction  of  brushes  and  bearings  l>e  tested 

roughly  ? 

6.  What  points  should  be  considered  in  the  selection  of  a 

machine  ? 

7.  Give  a  sketch  of  the  connections  of  a  compound-wound 
motor. 

8.  What  is  the  advantage  of  a  synchronous  motor  when  its 
field  is  over  excited  ?     Explain. 

9.  Give  a  safe  rule  to  follow  for  personal  protection  when 
handling  electrical  circuits  of  a  sufficiently  high  voltage  to  be 
dangerous. 

10.  What  precautions  must  be  taken  in  fixing  a  direct -con- 
nected set  ? 

11.  Why  should  starting  boxes  always  be  furnished  with 
direct-current  motors  ? 

12.  (a)  How  are  small  induction  motors  started  ?     (I))  Why 
cannot  large  sizes  be  started  in  the  same  way  ? 

13.  If  a  machine  is  to  be  taken  apart  for  the  purpose  of 
cleaning  or  inspecting  it,  what  precautions  should  be  taken  i 

14.  Describe  the  method  of  lacing  a  belt. 


040 


MANAGEMENT  OF  DYNAMO-ELECTRIC  MACHINERY. 

15.  How  are  dynamotors  and  motor-generator  sets  started  ? 

16.  What  precaution  should  be  taken  when  starting  a  new 
machine  for  the  first  time. 

17.  Immediately  after  stopping  a  machine  what  should  be 
done  to  it  ? 

18.  What  advantages  have  circuit  breakers  over  fuses  ? 

19.  What  are  the  objections  to  series  motor  for  single-phase 
circuits  ? 

20.  What  is  an  enclosed  fuse,  and  in  what  way  is  it  better 
than  a  link  fuse  ? 

21.  Give  a  sketch  of  the  wiring  for  a  three-phase  Y  system 
for  both  light  and  power  distribution. 

22.  Explain  the  principle  and  use  of  a  starting  compensator. 

23.  What  advantage  does  rope  driving  possess  over  ordinary 
belting  ? 

24.  When  synchronizing  two  alternators  should  the  switch 
be  closed  when  the  two  machines  are  approaching  synchronism,  or 
when  they  are  receding  from  it. 

25.  How  can  sparking  at  the  commutator  be  measured 
roughly  ? 

20.  In  placing  a  knife  switch  should  it  be  so  located  that 
gravity  tends  to  open  it  or  to  close  it  ? 

27.  I)escril)e  with  sketch  the  connections  for  two  compound- 
wound  dynamos  in  parallel. 

28.  How  would  you  test  a  machine  for  balance  ? 

29.  Describe  with  sketch  the  connections  for  a  typical  sin- 
gle-phase installation. 

80.  AV^hat  points  must  be  considered  if  two  alternators  are 
to  be  run  in  parallel  ? 

31.  Describe  with  sketch  the  method  of  synchronizing  on  a 
three-phase  system. 

32.  Should  the  loose  side  of  a  belt  be  on  the  top  or  below  i 
Explain  why. 

33.  (iive  a  sketch  of  two  cjenerators  connected  on  the  three- 
wire  system. 

t' 

34.  Why  is  a  series  motor  particularly  adapted  for  railway 
work  ? 
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PART  n. 


1.  In  measaring  resistance  with    the  Wheatstone  brid^ 
what  is  the  objection  of  using  a  ratio  of  1000  :    1  or  100 :    1  ? 

2.  Describe  a  tachometer.     What  advantage  has  this  over 
the  speed  counter  ? 

3.  What  is  the  torque  of  a  20  horse-power  motor  running 
at  the  rate  of  600  r.p.m.  ? 

4.  When  the  armature  of  a  machine  becomes  overheated 
and  the  belt  is  tight  on  the  tension  side,  to  what  would  you  ascribe 
the  cause  and  how  would  you  remedy  it  ? 

5.  Explain  how  to  true  up  the  commutator  in  case  it  lie- 
comes  rough  or  uneven. 

6.  Describe  a  method  of  testing  to  see  if  the  armature  if 
centered  between  the  pole  pieces. 

7.  AVhat  is  the  pull  in  jjounds  in  the  case  of  a  40  horse-power 
motor  if  the  speed  is  550  r.p.m.  and  the  pulley  is  3  feet  in 
diameter  ? 

8.  What  do  you  understand  to  be  meant  by  a  ground  in 
the  armature  ? 

9.  If  the  speed  of  a  generator  is  too  high,  what  efiFect  does 
this  have  on  the  volta^  ? 

10.  Describe  with  formula  the  direct-deflection  method  of 
measuring  insulation  resistance. 

IL  Describe  a  methd  of  det^rminincr  the  current  in  a 
circuit  if  you  have  a  voltmeter  but  no  ammeter  at  hand. 

12.     Uow  does  eddy -current  loss  vary  with  the  &pfxd  I 
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13.  Explain  briefly  the  method  of  separating  the  eddy  cur- 
rent losB  from  the  hysteresis  loss  in  a  generator. 

14.  How  does  an  eccentric  commutator  manifest  itself  ? 

15.  If  the  residual  magnetism  of  a  dynamo  be  weak  or 
entirely  destroyed,  how  would  you  explain  the  cause  for  the  same  ? 
How  would  such  trouble  manifest  itself,  and  what  is  the  remedy  1 

16.  What  resistance  does  a  Weston  voltmeter  usually  have  ? 

17.  Supposing  the  commutator  of  a  machine  is  covered  with 
a  dark  coating,  while  the  commutator  brushes  and  brush  holders 
show  marks  of  abnormal  heat,  what  is  likely  to  be  the  cause  and 
what  remedy  should  be  applied  ? 

18.  Name  the  causes  of  the  voltage  of  a  generator  being  too 
low. 

19.  What  difiiculty  would  arise  in  attempting  to  measure 
the  armature  resistance  of  a  20  horse-power  110-volt  shunt  machine 
with  the  Wheatstone  bridge  ? 

20.  In  testing  the  output  of  a  large  generator,  how  would 
you  dispose  of  the  large  current  generated  ?    Give  two  methods. 

21.  What  is  meant  by  the  efficiency  of  a  generator? 

22.  Which  is  preferable  to  use  on  a  commutator,  sand  paper 
or  emery  ? 

23.  Which  is  preferable,  that  the  commutator  should  have  a 
bright,  clean  appearance,  or  be  covered  with  a  brown  glaze  or 
polish  ? 

24.  How  can  Foucault  currents  in  the  pole  pieces  or  field 
cores  be  detected  ?     What  usually  gives  rise  to  euch  action  ? 

25.  What  is  the  advantage  of  over-compounding  so  that  a 
machine  gives  a  higher  voltage  at  full  load  than  at  low  load  ? 

20.  A  motor  which  is  running  without  load  is  found  to  take 
excessive  current,  give  a  cause  and  remedy  for  the  same. 

27.  If  the  field  coils  of  the  machine  are  too  hot  as  determined 
by  testing  with  the  hand,  what  remedy  would  you  apply  ? 

28.  Why  cannot  insulation  resistance  be  measured  by  means 
of  the  Wheatstone  brido^e  ? 

29.  How  could  you  determine  the  speed  of  a  belted  machine 
without  the  use  of  any  sort  of  a  speed  indicator  ? 

30.  What  is  meant  by  the  etticiency  of  a  motor? 
81.     How  does  hysteretic  loss  vary  with  the  speed  i 


^^SL 


REVIEW  QUESTIONS 


OV     fTHB     SUBJBiOfr     OB* 


ELECTRIC  WIRING. 


1.  Under  what  conditions  is  "fishing'^  of  wires  allowed? 
Explain  the  process. 

2.  In  conduit  work  how  many  quarter  bends  are  allowed 
from  outlet  to  outlet  ? 

3.  Tell  what  you  can  about  flexible  cord. 

4.  Where  should  cut-outs  or  circuit  breakers  be  located  for 
house  wiring  ? 

5.  What  must  be  the  voltage  of  the  dynamo  in  order  to  sup- 
ply lamps  or  motors  in  a  110-volt  system,  with  a  5  per  cent  loss? 

6.  What  is  a  cull  pole  ? 

7.  When  a  high-potential  macliine  has  its  frame  grounded, 
what  precautions  should  be  taken  for  the  protection  of  the  at- 
tendant ? 

8.  What  can  you  say  about  the  rules  to  be  followed  when 
installing  wires  ? 

9.  Give  a  rule  for  the  proper  depth  to  w^hich  to  set  a  pole. 

10.  How  would  you  ground  a  dynamo  frame  ? 

11.  W^hat  is  the  least  allowable  radius  of  curvature  in  con- 
duit  work  ? 

12.  State  the  rule  to  be  followed  in  starting  or  stopping 
motors. 

13.  What  is  the  objection  to  putting  the  ground  wire  from  a 
lightning  arrester  into  an  iron  pipe? 

14.  State  briefly  the  requirements  for  interior  wiring  in  the 
case  of  series  arc  lighting  work. 
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15.  Describe  the  care  which  should  be  given  to  the  brushes 
to  keep  them  in  good  condition. 

16.  Describe  a  piece  of  apparatus  for  protecting  the  arma- 
ture of  a  motor. 

17.  Why  should  standard  rubber-covered  wires  be  used  in 
conduit  work  ? 

18.  What  is  the  least  space  that  should  be  left  between 

(a)  The  switchboard  and  the  floor? 

(b)  The  sNvitchboard  and  the  ceiling? 

19.  What  is  the  largest  permissible  current  dependent  upon 
one  cut-out  ? 

20.  What  insulation  resistance  is  required  between  gas  pipe 
attachments  and  an  insulating  joint  ? 

21.  Under  what  conditions  should  the  frame  of  a  d>Tiamo  be 
grounded  ? 

22.  What  kind  of  wire  must  be  used  in  moulding  work  ? 

23.  W^hat  can  you  say  about  wiring  for  damp  places  ? 

24.  In  whicli  direction  does  the  armature  of  a  generator 
usually  revolve  ? 

25.  ])etermiiie  by  use  of  table  on  page  40  what  size  of  w^ire 
should  be  used  to  supply  75  IG-candle-power  incandescent  lights, 

110  volts,  loss  3  volts,  and  at  a  distance  of  200  feet  to  center  of 
distribution. 

2G.     What  is  the  best  material  for  poles? 

27.  ])eseribe  a  method  of  setting  the  brushes  so  that  they 
will  be  diametrieally  opposite  each  other. 

28.  In  splicing  two  ])ieces  of  wire,  what  precautions  are 
necessarv  ? 

20.     What  size  of  win*  will  be  required  to  supply  a  10-horse- 

power  motor  on  a  500-volt  circuit  at  a  distance  of  200  feet  with  15 
volts'  drop  'i 

30.  What  current  is  taken  by  the  motor  referred  to  in  Ques- 
tion 29  ? 

31.  Describe  the  connections  for  the  three-wire  svstem. 

32.  Determine  1)V  formula  the  size  of  wire  for  40  lO-candle- 
])ower  incandescent  liij^hts  on  a  110-volt  circuit  with  5  volts'  drop 
at  a  distance  of  150  feet. 
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